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PREFACE  TO   THE   THIRD    EDITION. 


Tuk  progress  of  American  o  rapid— important  new  ih 

corerios  follow  nne  mm  u  «jni«  k  m  —thai  any  text-book, 

however  carefully  prepared,  must   require  largo   revision  in  a  very  few 
year*.      In   the   |>i  .tltenuiniH.  ty  u,  la  nmdili- 

by  additions,  are  *.  mimerooi  and  n  great  ; 
it  was  found  necessary  :  i  raett  the  whole  work,  and  to  rewrite  a  .':. 

ie  without  enlarging  '<>  any  >•"! 
•  he  book 
The  most  important  o  the  following:  [d  I'.itt  I  I  1 1 : i ^ < • 

maile  mmc  eddil  iv  in 

regard  t<i  d  rolationa  of  erosion  and  sedimentation;  and  to 

rixeM  as  indicators  of  cnist-niovemem-        G  I    ili«-   rabjeol    "f  •  :ir:li - 
quake*  I  hu\>'  l^fi  «•  :i t  the  genera  vc6,aa  li 

■rly  t«i  pii  fully  1 1  :  of  sehvmom- 

On  i  given  a  brief  -i ""'•  of  tho  then  > 

rotation  of  atolls  stricken  out 

[ilni'iil  Distribuiio  inism&j  as  be- 

longing fit  lier  to  Biology  or  to  I'hy*ie;il  :  hy,  mill  to  make  room 

for  raon  logical  matters  pr  ssing  for  recognition.     Bat  I 

much  taller  i 
III,  cif  the  "i  ologi  if  present  diet  ibotion. 

in  Pun  n  the strnetnre and  position  of  stratified  '••"  as  are  In 
rewi  shangee  introduced.    The  discussion  on  mineral 

•  ■■■>  has  ha  ■  ■:.  and  ma 

rani te  and  their  causes.    The  section  on  monntaii 
hae  bwn  n.  th«-  order  of  presentation  •  and 

new  matter  introdi 

In  Part  III   the  are  still  more  extensive,  and  the  law  of 
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evolution  is  kept  mure  prominently  in  view.    Tlic  subject*  of  Devonian 
[  Carbon  if  f.rui  rs  are  rewritten*  and  the  origin  of 

birds  and  mammals  more  fill  1  v  diseii.-sed.     In   tfai    Ol  ,  1l>«   Oo 

manehe  series  of  Hill  and  tin-  l'oi'i  ..•- <.f  McGee  are  discussed, 

and  figures  of  characteristic  forms  given.     The  Laramie,  on  account  of 
its  peculiar  ink' rest  as  a  transitional  period,  is  treated  separately,  and 

pes  of  characteristic  forms  arc  given.     In  the  Tertiary  the  subject 
of  the  mammalian  fauna  of  America  is  mostly  rewritten,  and  the  gem 
of  exiting  orders,  families,  L'eiiera,  rtv.,  more  fully  d i.-..  II.-,. 'd.      In   the 
Quaternary  tlie  eviiln  nntiin'iiinl  elevation,  tl  ice  of  an 

b  its  tern  tune,  and  the  Qreai  Lakes  formed  daring 

its  retreat.,  are  more  fully  given.    The  Quaternary,  on  the  west  sld< 

oontinent,  Is  rewritten,  the  order  of  presentation  changed,  and  new 
matter  Introduced,  eepeelaDj  the  Bfidanoea  of  continenuil  elevation 

Bnd  of  rt-'juvi:  if  the  livers  hy  Sierra  ..le.vution.      Under  run*s* 

of  glacial  climate,  I  give  greater  promiiiem  e  than  before  to  geogmphi- 

osJ  change*    nmnges  of  climate  and  td  PhjtioaJ  Geography,  m  thi 
oauseof  the  pre  ant  distribution  of  >>iL:anUuis,  are  somewhat  fully  dis- 
d examples  giren  and  explained.    In  the  chapter  on 
[lie  Psychosolc  era  the  meet  recent  disooveriei  of  human  remains 

imple iii.-.  both  in  Europe  and  A  nn-iaia.  are  given,  ami  their  signifi- 
cance discussed. 

To  the  geologists  of  America,  who  have  freely  helped  ami  eucoiir- 
agod  me,  and  especially  to  gentlemen  connected  with  the  United  States 
Geolegio&l  Sumy,  1  take  this  opportunity  of  acknowledging  my  deep 

illdelii 
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Is  preparing  the  following  work  I  have  not  attempted  to  make  an 
•'  -ii  bo  thumbed  by  th<  student;  for, oven  if 

I  fcii  able   to  work,  l'rof.  Dana's  ia  already  in  the   field, 

i 
resent  clearly  to  the  thoroughly  mini  red  and  intelligent  stadent 
I  and  most  im  •  ologi  |]  s.  Ii  nee. 

I   have  attemptcil   to  I  rh»l    I   COUCOire  to  be  compris-.-d  in 

wort  atredistinguished  from  manual.    I  hare  attorn] 

i    ire  ■  really  scbatifla  pieaontntion  of  all  the  depart  I  the 

field  of  geology,  at  th<  LToiding  too  great  multipli*-! 

i     I  hare  I  bo  make  ;i  woA  which  shall  bo  both 

ad  profitable  to  tho  intelligent  gen  r:il  reader,  and  at  the 
«m  ■  -uitable  text-book  for  the  highi  of  our  oolli 

In  i h^  nleotion  of  material  and  mode  of  presentation  I  hure  been 

■  what  ii  is  I-  i  make  interesting 

ig  men.  somewhat  advanced  in  general  onltare  and 

eager  for  knowledge,  bat  not  expecting  to  become  special  geologists. 

In  a  word,  I  hare  tried  to  give  such  knowledge  as  even-  thoroug 

ired  man  ought  to  bavi  ■  time  ia  %  suitable  foonde- 

to  those  who  ho  di 
Tbo  *ork  is  tlio  substance  of  a  course*  Of  lectures  to  a  senior  class, 
organised,  com  pa  t  loo  Brach  detail,  by  re- 

presentation for  many  successive  year*,  and  now  for  the  Bret  tituo 
reduced  to  wri 

Most  text-books  now  in  two  in  this  oonntry  arei  In  my  opinion, 

citli-  on  the  one  hand,  or  else  adopted  as  manuals  for 

•  on  the  other.     I  wish  to  fill  this  gap — to  supply  a  want 

by  many  inb  and  general  readers,  who  desire  a 
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itHfa  general    knowledge   of   geology,      l/.rll'.-,   Elements 
'•"•nea  neatest  to  supplying  this  want;  bul  thi      ire  two  obj»  doi 

ie  work  :   1.  The  principles  (dynamical   L'.'i,] 
rated  from  the  eloments  (structural  and  liist< >ii ••:..!  v ■  ■. > I. ._■_■  •. ).  and  to 
in  .1  aiii  rkj  '2.  It^  treatment  uf  .1m  sology  in  of  cousm 

meager. 

1  bore  treated  several  subjects  m  dynamical  and  structural  ■-" 
— e.g.,  rivers,  glaciers,  voloanoee,  gevsere,  earthquakes,  ooral-i 

SavagO,   iiiulaiiinrj.lii'-iii,  mineral  veins,  mountain-chain^,  |  ic— 

more  fully  bhon  in  common.    1  feel  hopeful  that  many  geologists  ami 
physicists  will  thank  dm  for  to  doing.    I  an  oonfldsnt  thai  I 
somewhat  fairly  the  pi  >nditionol  on  Qieeeanbjo 

In  the  biatorieal  part  I    have  found  much  DIOM  difficult]  ui   being 
scientific  withonl    being   tiresome,  and    in    being   interesting  without 

og  sn])erfieial  and  wordy.    I  have  attempted  toftooompllsh  this  diffi- 
cult t;u-k  by  making  urohdi'xi   the  mitral   idea,  abou!  which   Many  of 

grouped.  I  hare  tried  to  keep  this  idea  in  ,  im.  us  u 
thread  running  through  the  whole  history,  often  rery  alander— aome- 
times,  indeed,  invisible — but  reappearing  from  time  to  time  to 

o  the  histo 
If  this  work  have  any  advantage  over  others  already  before  the 
pui.i  chiefly  In  the  two  points  mentioned  above,  viz.,  in  s  fsller 

A  some  subjects  in  dynamical  and  structural  .  ami 

In  the  attempt  to  keep  evolution  ii  id  to  make  it  the  ecu 

idea  of  the  history.    Another  advantage,  l  believe,  is  thai  it  does  not 
seek  to  compete  with  the  beat  works  now  before  the  public  but  •■•  «u- 

I  suppling  a  di-tinct  Want 

I  have  eonfii  r,  though  net  entirely,  to  American 

especially  in  giving  the  distribution  «>f  the   rocks  and  the 

i  geography  of  the  different  periods.    En  only  one  case  bave  I 

made  American  geology  snbord  the  Jura-Trias  period,  and 

of  the  in  of  the  record  of  this  period  in  this 

country. 

In  s  scienoe  ic mprshenatve  and   many-side  I  'logy,  it  is 

•  uu!  oerible,  aa  sverj  teacher  knows,  to  avoid  anticipations  in 

pari  of  what  strictij  belongs  to  a  subsequent  part,    ir  U  tor  tins 

ill.-  different  departments,  and 
of  the  various  subjects  under  i  in  the 
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hands  of  different  writers.  The  order  which  I  have  adopted  I  know  is 
not  free  from  objection  on  this  score,  but  it  seemed  to  me,  on  the 
whole,  the  best 

In  preparing  the  work  I  have,  of  course,  drawn  largely  from  many 
Hources,  both  text-books  and  works  of  original  research ;  for  whatever 
of  merit  there  be  in  a  work  of  this  kind  must  consist  not  so  much  in 
the  novelty  of  the  matter  as  in  the  selecting,  grouping,  and  presenta- 
tion. Such  obligations  are  acknowledged  in,  the  pages  of  the  work. 
I  can  not  forbear,  however,  making  here  a  special  acknowledgment  of 
my  indebtedness,  in  the  historical  part,  to  the  invaluable  Manual  of 
Prof.  Dana.  I  must  also  acknowledge  especial  indebtedness  to  Profs. 
Marsh,  Newberry,  and  Cope,  and  the  geologists  and  paleontologists  of 
the  United  States  Surveys,  in  charge  of  Prof.  Hayden  and  Lieutenant 
Wheeler,  not  only  for  valuable  materials,  but  also  for  much  personal 
aid. 
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INTRODUCTORY. 


nsFixmox  OF  OBC  MKD  OP  m  DBPAPntJUTTS. 

the   phjBi  Oiyrf  1 1 1 1 -  i:irtl i  and   ils  in )i:il>i 

a*  recorded  in  it*  itrnctaxe.     it  includes  an  account  of  the  change* 
agh  which  thej  nave  passed,  the  lawn  of  these  changes,  and  iln-ir 
causes.     In  a  word,  it  in  tin-  /•■' 
>f$. 

ontal  idea  of  r,  u  »«D  as  its  principal  sub- 

tend ite  objects,  maj  be  most  clearly  bra  I  bj  oompar- 

organic  acience.    Ifc  meyatndyan  organism  from  three 
■  :  i    \\,  may  study  its  general  form,  tin-  part* 
of  arnica  it  is  composed,  and  il    orinnte  inl  hue.    Th 

i  tndied   In   thl  nay  study  the 

i  action,  tho  function  of  em  b  organ,  I  be  i  Lrculati i  the 

Is, and  tin-  manner  in  which  all  contribute  to  the  BOfll- 

ena  of   life.      This   is  pkjftiokflf.     &   W$   may  study  the   living 

;  hing  the  process  of  d  tat  Broni  Bui  egg 

tiring  to  determine  its  laws.    This  is  embry- 

joking  upon  the  earth  as  an  organic  unit,  we   may  study  il* 

ksand  minerals  of  which  it  i-  composed,  and  the  manner 
inn  e  are  arranged ;  in  other  won]-.  Bom  and  lu- 

ll structure.    This  :-  the  anatomy  <»f  the  earth, and  is  called  struct- 

urnl  geology.  Or,  sre  may  study  the.  earth  under  the  action  of  physical 
and  chemical  forces,  tho  action  and  reaction  of  land  and  miter, Of  earth 
and  air,  and  tho  effecta  of  these  upon  the  form  ami  struct  tire.  Tins  is 
i.jlogy  of  the  earth,  and  is  called  dynamtcal  gwtogy.  Finally, 
W9  tnay  study  the  earth  in  the  progress  of  i  opmont,  from  the 

narlieat  chaotic  condition  to  its  present  condition  a*  the  abode  of  man, 
and  attempt  todetsrniine  the  lawiof  khht  development.  This  is  the 
tttbrj  the  earth,  or  hislot  logy. 

Prinoipal  Departments,— The  ecienoe  of  geolog  nat- 

ural! thr«3  part*,  via. :  'ural  geology,  or 

J 
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geognosy.     2.  Dynamical  geology,  or  physical  and  chemical  geology. 
3.  Historical  geology,  or  the  history  of  the  earth. 

But  there  are  two  important  points  of  difference  between  geology 
and  organic  science.  The  central  department  of  organic  science  is 
physiology,  and  both  anatomy  and  embryology  are  chiefly  studied  to 
throw  light  on  this.  But  the  central  department  of  geology,  to  which 
the  others  are  subservient,  is  history.  Again:  in  case  of  organisms 
— especially  animal  organisms — the  nature  of  the  changes  producing 
development  is  such  that  the  record  of  each  previous  condition  is  suc- 
cessively and  entirely  obliterated ;  so  that  the  science  of  embryology  is 
possible  only  by  direct  observation  of  each  successive  stage.  If  this 
were  true  also  of  the  earth,  a  history  of  the  earth  would,  of  course,  be 
impossible.  But,  fortunately,  we  find  that  each  previous  condition  of 
the  earth  has  left  its  record  indelibly  impressed  on  its  structure. 

Order  of  Treatment. — The  prime  object  of  geology  is  to  determine 
the  history  of  the  earth,  and  of  the  organisms  which  have  successively 
inhabited  its  surface.  The  structure  and  constitution  of  the  earth  are 
the  materials  of  this  history,  and  the  physical  and  chemical  changes 
now  going  on  around  us  are  the  means  of  interpreting  this  structure 
and  constitution.  Evidently,  therefore,  the  only  logical  order  of  pre- 
senting the  facts  of  geology  is  to  study,  first,  the  causes,  physical  and 
chemical,  now  in  operation  and  producing  structure ;  then  the  structure 
and  constitution  of  the  earth  which,  from  the  beginning,  have  been 
produced  by  similar  causes ;  and,  lastly,  from  the  two  preceding  to  un- 
fold the  history  of  the  earth. 

Geology  may  be  defined,  therefore,  as  the  history  of  the  earth  and 
its  inhabitants,  as  revealed  in  its  structure,  and  as  interpreted  by 
causes  still  in  operation. 

There  is  no  other  science  which  requires  for  its  full  comprehension 
a  general  knowledge  of  so  many  other  departments  of  science.  A 
knowledge  of  mathematics,  physics,  and  chemistry,  is  required  to  under- 
stand dynamical  geology ;  a  knowledge  of  mineralogy  and  lithology  is 
required  to  understand  structural  geology ;  and  a  knowledge  of  zoology 
and  botany  is  required  to  understand  the  affinities  of  the  animals  and 
plants  which  have  successively  inhabited  the  earth,  and  the  laws  which 
have  controlled  their  distribution  in  time. 


>ART  I. 
IICAL  GEOLOGY. 


HHi.tif',  illir   tli«-  >(n 


of    tilt- 


;  agotii-ir.  Don  in  operatii 
face  of  the  i-urtli,  m;t\  be    laased  under  (bar  heads,  ris.,  cutaaspAerii 
agentie*.  ■   agenaes,  ignecc  to,  and  -•'.: 

'Phew  ag  '  :ivi>  o|K<rutcd    from    Hi.'    I u:.' innings    ad    UN    (till   in 

\\  i-  stndj  their  operation  mow,  in  ordei  that  we  tuny  nn- 
dcm  in  previous  epochs  of  the  earth's  history — i.e., 

the  structure  of  the  earth. 

\\  1 1  i I « ■    ill  geologists  agree  that  the  nature  of  the  agencii-  which 

hare  operated  in  modifying  tin-  rurih'.-  .-urfnrr  Ii.ih  remained  tin-  -:i:ur 

from  tho  beginning,  they  differ  in  their  m  ■■.-  u-  :■.  the  energy  of  their 

q  in  different  periods.    Sotnr  1.;  li  w  hag  been 

amen  tin-  same  throughout  tin-  whole  history  of  tin-  earth)  while  others 

believe  th:it   ninny  facta  in  tin-  sbractfOre  of  the  earth  require  much 

greater  operative  khan  now  exists.    We  will  attempt  to  show 

after  that  neither  of  then  >  ursine  opinions  is  probably  true,  but 

■some  of  these  agencies  have  been  decreasing,  while  others  have 

progress  of  time.     It  is  tho  constant 

between  these  which  determines  the  developmeut  of  the 

earth. 


CHAPTER  I. 

ATMOSPHERIC  AGENCIKSL 

The  general  affect  ■■(  atmospheric  agendas  is  the  ilisintecxntion  of 
rocluatKi  nation  of  soil*.    The  atmosphere  is  composed  of  nitre* 

..nd  oxygen,  with  small  quantities  of  watery  vapor  and  of  carh 

add.    There  are  but  few  rocks  which  are  not  gradually  disintegrated 

under  the  constant  chemical  action  of  the  atmosphere.    The  chemical 

agents  of  these  changes  are  oxygen,  oarbonk  acid,  and  watery  vapor, 

litrogcn  being  inert     To  these  must  be  added,  where  vegetation 
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meat)  the  products  ol  vegetable  decomposition,  especially  ammo- 
ni:t  and  humus  acids* 

Atmospheric  agencies  graduate  so  insensibly  into  eirneons  agencies 

thai  ii  is  difficult  to  define  their  limits.    Water*  balding  in  solution 

oarbonlo  sold  and  oxygen,  may  exist  as  invisible  vapor;  or,  partially 

oondensed  as  fogs;  or,  completely  condensed,  as  rain  (ailing  upon  and 

iSutiiiL'  the  earth.     In  all   these  fiii-iii.-!  1 1  -.  rlh'inioal  action  i- 

ii .  and,  th.'i'i'f. ii  ad  treated  ander  different 

clasM's;  ami  yet   the  tamo  rain  runs  oil  from  ami  erodes  the  lurfaoe  rf 

the  sai  fch,  i  ames  out  from  the  strutu  and  forma  spring  .  all 

Of  whieh  naturally  fall  undn-  aOUOOtM  agencies.     W«  shall.  then 

treat  of  the  chtmiaal  affects  of  atmosphei  io  water  in  tho  disintegration 

of  rock*,  and  ih$  formation  of  soils,  under  the  head  of  atmosph 

hameai  i-fFootu  of  the  same,  in  i  roding  the  surfaco 
and  carrying  away  the  soil  thus  formed,  under   tin-   bead  Of  UQtXl 

agencies.    In  moist  climates  vegetation  olotbes  and  | I  Cram 

■ii,  hut  favors  <hviiiii)>(].-iiinn  of  rocks  and  formation  of      1 

Atmospheric  .  obscure  in  their  operation,  and,  therefore, 

imperfectly  understood.     Vet  these  are  not  less  important,  than  aqni 
a.L'.in  a  ili«-v  are  the  accessary  condition  of  the  operation  of  the 

!•     Unless  rocks  were  first  disintegrated  bite  soils  bj  tbe  action 
of  the  atmosphere,  they  would  not  lie  earned  away  and  depo 
•M'lliiuiMit!*  Iiy  the  agency  of  water.    These  two  agani 
of  oipuil  power  ami  importance  in  geology,  but  they  differ  very  mooh  m 
the  conapicnonsnesfl  of  tbeireffecta    Atmosp  Lesnotalo 

equally  at  nil  times,  and  at  all  pit-;  s,  and  their  efl  nny  one  place 

or  tiara,  are  almost  imperceptible.    A<  >■;-,  on  the  i-.mt.ra- 

ry,  i'i  their  operation  are  occasional,  and  to  a  great  extenl  local,  usd 
their  effects  are,  therefore,  mora  striking  and  a  died    Never' 

thi'less,  the  aggregate  effects  of  the  former  an  equal  to  those  of  the. 
hitter. 

Soils, — All  soils  (with  tho  trifling  exception  of  the  thin  stratum 

i if  vegetable  mold  whi  on  the  ground  in  certain  looalil 

formed  bom  Qui  disintegration  of  rocks.  Sometimes  the  soil  is  formed 
in  situ,  and,  therefore,  roan  on  its  paroni  rook.  Bomotimw  it  is  re- 
moved as  fast  as  formed,  and  de]  a  di-taueo  iiimv  or  less  i  emote 
from  the  parent  roek.  Tin  evidenee  of  this  origin  of  soils  is  clearest 
when  the  suil  id  formed  in  situ.     Is  BUCb  mm  it  is  often  easy  to  I 

ry  stage  of  gradation  betwaen  perfect  roek  and  perfect  soil.    This 
\<  well  seen  in  railroad  cut i  i  i  in  wells  in  the  gneissic  or  so-called 

primary  region  of  our  southern  Atlantic  Mope.     On  examining  such  a 


•  Aloftl  Julii'ii,  rroecadhigl  or  tlio  AiirtIcuu  Ajaoeialion  for  llic  Adranwn. 
BcituiHJ,  vol.  \xviii,  p.  811  tt  «y. 
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.  we  find  n  soil,  generally  red  clay ;  beneath 

colored,  coarser,  and  mora 

distinctly  stni  tththis,bi  into  lb  by  imperceptible 

gradations,  wo  haTfl  what  Booms  to  be  Btratifi&d  rot  k,  but  it 

into  coarse  dust  in  tin-  hand;  this  pnnii-s  by  bnpereeptibk  gradat! 

rotten  rock*  and  finally  Into  perfect  rock.    I  tonbt 

M>  are  ell  difl  iges  of  a  gradual  decompn-itinn.    But 

.  rvution  will  sake  the  proof  still  ok  nr.    in  gneisai   and 

Btamorphk  regJona  it  is  net  unnommoa  to  Bnd  the  roaktrav- 

•  >;is  ilirccrn  na,  bj  wins  ol  f|iuirtz  or  flint.     Now,  in  BOO 
i  such  as  those  mentioned  al  is  common  to  Bnd  BOCk  fl  qui 

through  the  rock  and  upward  through  the  Bopenncumbenl 

until  it  emerges  on  the  rorftaw.     In  the  slow  decomposition  of  the 

.  the  quarto-vein  h  m-d  uudiangod,  booaose  onarts 

d  by  atmospheric  agencies,    Chemioal  analysis,  al.s«>,  si  I  • 

[dent  relation  between  the  soil  and  the  mb/aoenl  or  country 

in  cases  in  which  the  BOtl  has  been  brought  from  a  con 

'h  to  which  soil  uill  thus  accumulate  depends  partly  on  ilu- 

nature  of  the  rock  and  the  rapidity  of  decomposition,  partly  on  the  slope 

..Mid  pari 

In    "■  ■  ■ 

turbed  soils  are  found  three 
hundred  feel  deep.*     When 

■ 
at  il  {  Fit;.  I ),  the  rook*  are 
bare,  not  because  no  boO  Is 
leoauaa  it  i 
t  as  formed ; 

while  at  a  the  soil  is  deep,  being  :  by  decomposition  of 

rock  »«  of  soil  brought  down  tram  A    Wherevei  | 

fed    •  '  ind  cock,  the  soil  has  been  shifted. 

If  rooks  were  I  lid  and  impervious  to  water,  this  process  would  bo 
almost  taconoeivabiy  slow;  bur.  we  Bnd  that  all  rocks,  for  reasons  to  be 

<- realtor,  are  broken  by  fissures  into  irregular  prism 
blocks,  so  that  s  perpendicular  cliff  of  rook  usually  priwents  thespp 
ance  of  rude  gigantic  masonry.    These  fissures.  ■  ,  increase 

i  to  the  action  of  atmospheric  water.    Again, 

,  the 

I'irtf  fitntrea  which  allow  water 

art    Thus  the  rock  is  decomposed,  car  ieoOmta  r«ltcn, 

to  a  :  ;.i<i'.     But,  while  the  rock  is  gradually 


rw.i. 


-Id«J  Section.  •bowing  Rock  pualnc  Irn 
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changed  into  soil,  the  soil  is  al-;<  curried  away  by  agencies  to  be 

hon&f tor  considered ;  ami  these  elm  ice--,  taking  place  more  rapidlj  in 
some  plflOM  Hum  in  others,  givo  rise  to  a  gi  I J  "f  forms,  - 

of  which  are  represented  in  the  accompanying  figure  (Fig.  ?). 

In  tin-   prooeM  of  disintegra- 


tion the  original  :  eg  Ibeit1 

prismatic  form,  and  become  more 

or  ten  rounded,  and  an  then, called 

ofdisin'  These 

may  lie  on  the  surface  |  Fig   ■'.),  or 

m:iy  he  hiiricd  in  tlu<  Boil  (l'ig.  3). 
Winn  of  gnat  KM  and  very  solid, 

decomposition  to  a  greater  extent  than  the  surrounding 
often    form    hi 


wi|jri  .  i,. t.i I  .-.ill: [t  hur.lrr 

portloai  w  rack  ii-ii  in  pi 
rljrJnf  nock. 


reel  ,,/•:  .n/'/.m s  (Fig.  4).     Ti 
must  not  bo  confounded  with 
true    boviden    and    rooking- 

« tones  which  an   brought  from 

,i  difttanc6i  by  agonciafl  irhicb 

«v    will    dispusa    hereafter,  and 


— ^ 


iru 


flu  4 


which  are,  therefore,  entirely  different   from    the  I  ibjaoent  or  coun- 

i  rv  r.i.  k. 

General  Explanation.— The  process  of  rook-diaintagnvtJon  maybe 
explained)  In  a.  gem  ral  way,  as  follows  :  Almost  all  rooks  are  oompo  ed 

parti)  of  insolnble  materials,  and  partly  of  materials  \\ ti i«-h   ai 

dissolved  by  atmospheric  water.     En  the  prooeM  of 

tar  are  dJasolfod  oot,  and  th<  rook  ornmblas  Into  in  insoluble 

dust,  more  or  ten    Ktaxated  with   Water  holding  in  Rotation   the  soluble 

redionta.    To  iilnsbete :  oommon,  hardened  mortar  ma^  rdad 

irtinolal  stone;  U  oonaiataoi  oarbonatoof  time  and  sand;  she  ear* 
bonatcof  lime  is  soluble  in  inter  containing  oarbonta  aoid  (atmosph 
■  r),  while  the  Band  is  quite  inaolnbloi    If,  then-fore,  such  mortar  be 

expo  ntually  crumbier,  into  sand,  moi  with 

>iitaining  lime  in  solution.     Again,  to  tako  a  case  which  of i  en 

irs  in  Mature,  it  is  not  tmcommon  to  lind  rock  through  which  iron 

ominated,    Ihia  is  insoluble; 

bet  onderthe  influence  of  water  containing  oxygen  (al  star) 

it  is  slowly  oxidized  mid  ohan  o  mlphafe  of  iron,  or  i 

wliu/i,  being  soluble,  is  washed  out,  and  the  rock  arambles  into  an 


ATMOSPHERIC    AfiKXCTES. 


uble  dust  or  soil,  saturated  with  a  of  (lit'  iron  salt.      \\  >■ 

h»ve  given   these  only  as  illusrrative  examples.     We  now  proceed  to 

gir<  kinds  of  rocks,  and  of  the  Boils  formed 

ition. 

Granite.  Gneiss,  Volcanic  Rocks,  etc.— (Jranitc  and  jpaeiaa  are  mainly 

i  of  thrca  minerals,  i/'/iirl:,/i!i(.-/hii\  and  HIMO,  aggregated  to> 

gether  tato  a  coherent  masa    Quarts  is  i  insoluble  in 

atone  water.     Mica  ia  also  rerj  tlowh  afEeoted.     Ndepar  i». 

tiiei  ooanpoaab]  ant    Bol  feldspar  Is,  Itself,  a  com- 

plex Biibstunee,  partly  soluble  ami  partly  insoluble.     It  it-  i^niiin 

liitod  with  a  - ilii-iLl l'  nf  potash  or  soda,  although  it 
tall  quantities  or  Iron  anil   lime.     N< 

of  alumina  is  perfei  iluble,  the  other  ad lieatea  an 

di»  atmospheric  water,  with  flu  Barin.ii. 

the  silicate  of  alumina  ia  left  as  fowlin  w  <'•■•/      B  we  may 

ird  tlie  original  rock  aa  made  np  of  quartz  and  mica,  hound  together 

integration  of  the  Latter  causes  the  whole 
:  mi  the  Baal  n  rail  of  flu    procs     i  .1  b 

l'  grains  of'sand   and   »cales  of  mica,  and   moi-acuci! 

*ith  oral  •  a  potash  salt.    If  them  be  anj  iron  in  the  feld- 

spar, or  if  there  1  aposalde  ingredieii  rook  contain- 

uipli'.  as  horoblende,  the  olay  will  be  red 

nl  in  nil  our  primer]  regions.     Volcanic 
•ompoe©  into  often,  though  not  alwj  'iy  colored 

iron. 

Limestone. — Pure  limestone,  may  bo  regarded  as  composed  of  gran- 
nateof  lime,  cohering  lent  of  the  same.    ThedSa- 

pberio  water  forma  a  lime-soil,  n  1 
with  a  solution  of  carbonate  of  lime  (hard  water).     Impure  lime-. 

ipf  lime,  more  or  lw»  mixed  with  niihI  or  day ;  hy  disin- 

ration  it  forms,  therefore,  a  marly  ■-■ 

Sandstones. —  tiea  consist  of  grains  of  sand  1  I  together 

i.le  of  iron.      Wln-rc  peroxide  id  if.  .j 

ug  substance  the  t  Indestructible,  1 

nib-"  ■  banged  by  atmospheric  water:  hence  the  great  •■ 

ding-material.     But,  when  carbonate  of  lbne 
material,  this  :e,  being  soluble  in  atmospheric 

I   1  u»,  and   tin;  rock  rapidly  disintegrates  into  a 
and y  soil. 

Slate- — In  a  similar  milliner  mV.'i  ;  re  clay 

lution  of  their  •  ■■.  a  riul,  which  U  often  u  small 

of  lime. 

a  can  be  no  donbl  that  bH  soils  are  formed  in  the  mamiet  almve 

jL     We  bare  given  examples  uf  soils  f  t,  but,  as 
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soils  are  often  shifted,  tln-y  BN  u.-uall;.  0  "f  a   mixture  formed 

by  t he  dttntegration   of  several   kinds  of  ruck.     In  KMBAOMM  tin-  sml 

'«  *i7m  during  the  umuouI  geological  epoah,  and  the 
procofj  ii  rtlL  goini.'  mi  V-fore  our  eyes.    Sm  h  arc  the  soils  of  the  bills 

r»f  the  u| i-;-i n mi  i-;,  or  primary  rogion  of  our  SdiiiIhtii  Atlantic  States.* 
Bometunej  thfl  SOU  formed  IB  the  HUM  way  has  been  shifted  to  a  greater 

oi  i:  tee.    Such  ire  the  soils  of  our  \ alleys  md  river-bottoms. 

In  -till  other  caws  the  Nil  baa  been  formed  by  the  process  already  de- 
scribed, and  ir.u:  |  uring  some  previous  geological  epoch  to i  not 
raooi  i  Bud  uenuuiyof  the  soils  of  tin*  Soutimn  low-ooootfj 
or  tertiary  region. 


Ml,<   hasp    M.    A'.];  MIES  "OF   THE   ATSIOSI'IIEIIE. 
Frost. —  Water,  penetrating  rookl  ami  freezing,  breaks  olT  huge  frag- 


ments: these  by  u  similar  process  ore  again  broken  and  rebroken  until 
the  rook  II  rod  need  to  dust.  These  effects  IM  most  conspicuous  in  cold 
Dlimatoa  ami  in  BHMWtain-rpgions.  In  mill  climates  huge  piles  of 
Imwhleis  and  earth  are  always  .-no   il    the  base  of  steep  cliffs  (Fig.  ■  >)■ 

Snrli  ;i  pili-  of  materials,  the  ruin.- 

.,       ,  .5  V^  <-^  of  the  cliff  above,  is  called  a  tirht.*.  \ 

Vr  -•!*-*L"f^;      lu  mountainous  regions  frost*~]3"~ji 

Lj'k  -^  £f^} 2iKT-      PllWl'riul  agent  in  disintegrating  the 

V ". h '  ■  *f   i     ■*  A    ■     rooks,  and  in  determining  the  out- 

t^L'T"1'    i'.,¥- ;,     lines  of  mountain-peaks.    Tbi 

fl[  j  '.'^.i..1'.  I  *j~      well  scrii  in    the  Alps  and  in  the 

'  •;    '■  - \  '■  Winds.— The  effect  of  winds  la 

'"  seen  in  the  phenomenon  of  shifting 

Mods.  At  Cape  Cod,  for  instance, 
tho  gands  thrown  ashore  by  the  sea  are  driven  by  the  winds  inland,  and 
thus  advance  upon  tho  cultivated  lands,  burying  them  and  destroying 
thair  fertility.  The  sands  from  the  beach  on  the  I\i -ilic  coast,  BOM 
San  Francisco  are  driven  inland  in  a  similar  mariner,  ami  KK  mm  reg- 
ularly encroaching  Dpon  the  better  soil.  Large  ureas  of  the  fertile 
alluvial  miiI  nf  Egjpt,  together  with  their  cities  and  monuments,  have 
b0Cf&  buried  by  the  einiiiac  liineiiLs  of  the  Sahara  Desert.  The  same 
phenomena  are  obwrved  on  parts  of  the  coast  of  France,  Hol- 

land, and  England.  The  rato  of  advance,  lias  been  measured  in  |0nU 
instances.  Thus  on  the  coast  of  Suffolk  it  is  said  to  advance  at  the 
rate  of  about  five  miles  a  century ;  at  Cape  Finisterre,  accordiug  to 
Anstcil,:ir  the  rate  of  thirl  v-twu  miles  per  century,  or  &V8  lniinlred  and 
sixty  J  ;inl<  per  SM  lu  I  bines  of  England  ami  Scot  land  are  such 
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barrens  "f  drifting  Rami.     Hills  mav  be  formed  iu  this  maimer  thirty 

.  :.     In  the  nearly  rain  obi  id  she  inn 

of  our  oo  ;  da,  laden  with  Mod  and  gravel  are  a  p<' 

ful  agent  mtestic  tonni 

Brand  there*    In  such  h  viensireil'  4  wrnd-bonu 

partich-a  are  sometimes  bond.     Thi:-  ill v  Inn-  in  tin-  interior 

and  In  China,  where,  « tiding  to  Biohthofen, 

an-  bnndradi  of  feat  in  thickness  and  cover  thonaandi  af  tqnan  miles. 

I   miiii  i  tance  of  dust-dcpo-ita  has  only  recently  been  jijh 
precia 


CHAPTER  II. 


AQUKOUS  AQRXCIB8. 

The  agencies  of  water  an-  eitbei  leal  or  oftMsiee*     She 

neefa  i  water  may  i>c  treated  muter  the  threefold  Biped 

•  •(ii/uentart/ deposit*     \\'<-  will  consider 
:  lev  the  heada  of  Rivers,  0  rod  /<<■.     Under  ohetnioal 

phenomena  of  ohemtoal  depoatta  in 


Aqueous  agencies. 


(  Rir.-u..          .  .   Enrtion,  TraiMportalion,  D«'po*iL 
icalJOwan 

'  to M  " 

ch(•m|M,  |52£:::::  ***** 

Si  -  i  i"s    L. — KlTBi  ;- 


lor  the  head  of  river  agencies  we  include  all  the  i  ETecta  of 
Iating  meteor  from  the  time  it  falls  as  rain  until  it  reaches  the 

Oct:"  -Tocts  of  Rain  and  liivors. 

•r.  in  the  form  of  vajKir,  fogs,  or  rain,  percolating  through  the 

the  iiiinl.  .    Hnehof  these  rjerooua- 

accomplishing  thowork  of  soil-making, already  treated 

ling  chapter,  r  a]  pears  on  thi  in  the  form  of  sprl 

and  gives  rise  to  streamlets.     A  large  portion  of  rnin-wator,  however, 

never  soaks  into  the  earth,  but  runs  off  the  Burface,  forming  rafts,  which 

by.<  Che  uniting  rills  fora  sfs,  which 

excati  The  rivu  vrith  one  another  and  with  the 

streamlete  issuing  from  springs,  form  torrent*,  whioh  in  their  conns 

excavate  ■  s,  and  cations.    The  uniting  torrents,  finally  ism- 
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w  inoiMilaiu-liiinio  upon  the  pl:i  n-.  f.trm  r/reaf  iieh 

deposit  tlirir  freight,  partly  in  their  course  and  partly  in  the  MS.     Buofa 

ie a condensed  bistorj  of  rain-water  on  i  vhenoe  il 

.•.m  e.     Our  object  i-  tO  .-tudy  thil  hi-torv  in  i  (ail. 

grosiou  0/  Rain  and  Hirers. 

Tho  whole  nmouut  of  water  fulling  on  any  land-surface  may  be 
divided  inin  three  |'.i i- 1 - :  i.  'I'll, it  whirli  :t i -I !*••-  i rn mediately  oJI  ihi' 

surface,   ami    causes    the    iloodd    of    the    rivers,    especially    the    smaller 

streams;  ■'.  Thai   irbiob  sinks  into  the  earth,  ami.  after  doing  its 

chemical  w..rk  of  Boil-making,  ri-upponrs  as  springs,  and  forms  the 

tier  supply  of  streams  and  mn-:  and,  9.  Thai  irhioh  reaches  the 

sea  vholij    1'V  suliterniiieun    elmuuels.      Of    the  0*  thl     I  C  I    tWC   are   the 

grand  erosive  agent*,  aud  these  only  concern  us  at  present.  Of  these, 
the  former  predominate  In  proportion  as  the  land-surface  is  bun-;  the 
latter  in  proportiion  u  it  Is  covered  with  vegetatmn. 

Hydrographic&l  Basin.— An  uydrcgrephioal  basin  of  •  river,  lake, 

01  golf,  is  the  whole  area  of  land  the.  rainfall  of  whi.-h  dram-;  into  that 
river,  lak*'.  >ir  yulf.  'I'Iiiih  the  hydrographies!  liasin  of  the  Mississippi 
[{iver  is  tin   wholi  Irained   hy  that  river      It   is  bounded  on 

..it  :in  i  met  by  tho  dJie^lnmy  and  Rocky  .Mountains,  and  09  the 
north  by  a  low  ridgo  running  from  Lake  Superior  westward.  The 
whole  area  of  continents,  with  the  exception  of  rainle.-s  d.-erts,  may  he 

oded  as  is  of  hydrographioal  basins.    The  ridge  which  sepa- 

rates oontigooos  basin  i^  called  ■  naUr-ohtd.    it  ii  evident  thai  every 

portion  of   the    land,  irith  the  exception   Of  the   ruin!.  already 

mentioned,  u  subject  to  the  erosive  agency  of  water,  i  tng  worn 

away  and   <-ani.J    [ato  the  sea.     There  have  been  vari.m-  att 

oats  the  rat*  qfthtt  gtneral  i  ration. 

Rate  of  Erosion  of  Continents. — This  is  usually  estimated  as  follows: 
"s hi:  h  as  the    M  ppi,  is  taken  as  the  bu 

rim.iit.     By  aeeurato  measnremeni  v  portion  of 

jfoar,  the  average  amount  of  water  discharged  Into  the  sen  per  second. 

\w.r   hour,  per  day,  per  year,  is  determined.     This  ia  u  matter  of  00 

i  diffh  nity.  as  it  involves  the  dp  i  [on  of  the  average 

:  fiii  of  tli.'  river  and  the  average  velocity  nf  (he  current    The 

Hon  X  average  velocity  »  the  averai  arge  per 

nd:  from  Fhioh  may  be  e8ei]y  obtained  the  annnal  Next, 

■pemnent  during  ovary  month  of  the  year,  Ate  tverage  quantity  of 

mud  eniitained  in  quantity  of  u.irei    is  sfao  determined.      Hy  an 

easy  euh'uhit  inn  th  1 1  the  annual  discharge  of  modi  or  the  whole 

tity  of  insoIuM    matter  i  n  the  hydrograpl  inin 

.ear.     This  amount,  divided  by  the  area  of  tli  .-in.  will  give 

tho  average  thickness  of  tho  layer  aj  load  from  the 
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07U  year.    To  this  must  bo  added  the  natters,  wbieh 

about  one  sixth  as  mnob.  ulnblc. 

cind  have  been  made  Eos  tvo  greet  rirt  c 
Ganges  a  i      vholcamoi 

carri«-<l  to  the  i  i  bj        G  baa  been  estimated  ai  i;.:;iis.iiiii..u(nt 

amount,  spn  < lunges 

•  square  mile*),  would  mako  a  layer  -p^j-j  of  a  foot  thick. 
<Jangci!,  i  ties  its  basin  ono  f« k>i  in  1,76]  pean.*     1 

of  the    M  pi   basin   L-   l.-.'W.Oun  «<|iuirc   mile*.     Tin-' annual  dia> 

chargeof8odiiuriit.il'  >ut  and  booqi 

"  imphreyand  Abbot,  it  ".. i'.  1.11 1,21  a  mass  anfficient 

i  o.i  of  one  aqaare  mile,  2Q8  feet  deep. ]    This  spread  oin 
the  whole  bd  i  a  A  a  of  a  toot    'riiinr.  .]v.  Q 

i  ■  thicknoN  <•'  A  in  1,640  jean, 

cause  of  the  gr«i  ace  In  Eavorof  bbi  hal  tin:-  i 

nbj(  ii  t  .  •  annual  f .- » 1 1  of  water,  the 

wh«-  ob  falls  during  a  rainy  season  i>f  fit  months.     The  I 

bio  theref ore  very  heavy,  and  tl  and  oonaeqnse 

i  lliiii  ilmi  In  Hi  ill  fin  linn  Iiii  mimwI 
by  the  gn  of  the  basin,  aa  it  takes  it.s  rise  in  the  Himalaya,  the 

aiuB  i:i  the  world. 

ritincnts  may  be  regarded  as  made  up  of  liv« 
rags  rate  of  their  e  nay  be  determined  either  by 

■  -  "n  nil  the  riven  of  the  wor]  i.  this 

■  impracticable,  by  taking  some  river  aa  an  average.     We  believe  the, 
much  nearer  en  arerage  river  than  thi  It  can 

hani'  ,  for  eoonai  lerabla  portion  of  Uu  i 

— as  rail  i  i"  say  erosion.     It  ia  proba 

therefore,  that  tl  •  tinenta  is  ended  ai  a 

i  a •  com  i  nience  we  will  call  ii 
.ill  un  tin-,  estimate  when  we  oome  t<>  speak 
•arred  in 
Law  of  Variation  of  Erosive  Power. — Tl  ear  of  nrater,  or 

at  thr  eqi  tff  of 

npon  the  alone  of  the  bed, 

,  and  many  other  eircun  and 

complicated  that  it  baa  been  foand  impossible  t<>  redn  I  iplo 

law.    The  an.  rer,  is  evidently  the  moat  important  cur- 

rum  rolocity,  and  therefore  erosive  power.    In  the 

upper  portions  of  grcai  ii-.  the  Miasiaaippi,  the  erosion  [every 

»roai  la  the  plains  near  the  month  tb<  but. 


■  i'luIuMphied  X.)  :  r,  p.  SSI. 

i    f  an*  Abbot,  Re  "    fofppl  Bin  t- t&O. 
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be  contrary,  sedimentary  deposit    T1l6  I  ■-[•>■ 

i-ially  mountain-chains,  are  the  groal  theatres  of  erosion.    Pure  water, 
bon  i  des  rery  slowly,  the  main  agents  of  •  radon  bring  ti. 

along  by  the  eumnt.    'iin 

l<rt/i;rj.    If  unopposed,  the  Una]  affect  would  be  to  onl  down  all  ti 

la  lln-  level  of  (lie  m:i,  at  SO  avengS  I* I  about,  one  (Dot  ill  ItB  thou- 
sand years.    But  the  •                         /  effect  is  to  increase  the  iueqimi 
of  l.i!.il->urf:ic!-.  1 1 . - 1 ■  1 1 ■  ■  i i i 1 1 if  i In-  furrow-,  gullies,  and  gorges,  and  met 
iiiL'   tin'   iiitorvfiiini;   rivl<,re»   mid    peaks,      Tim  i-fiect,  therefore,  is  like 
that  of  a  graver's  tool,  constantly  cutting  at  ovarj  l  -l*  sation,  bui  ma 
trenches  at  every  stroke. 

Thus  land-surfaces  everywhere,  especially  in  moiintain-r. 
rut  KM]   b]  B  PTOOMO  Of  ■COlptttring)  and  the  dtl'its  earned  to  the  low- 

fa  and  to  the  sea.    The  smalta  lines  and  nan  delicate  touches  are 

due  to  ruin,  the  deeper  trem-hes  or  heavier  cbissUngfl  to  rivers  proper. 
The  effects  of  the  former  arc  more  t/rm  ml  and  tar  greater  ID  the  Bg| 
gate,  but  the  effects  of  the  latter  are  far  more  conspicuous.  It  is  only 
under  certain  conditions  that  raiB-soulptun  becomes  conspicuous. 
Tin M  conditions  seem  N»  hi-  ;i  ban  BoS  and  absence  of  frost.  Beautiful 
examples  Ore  found  in  tin-  arid  n-LMons  of  southern  I'tah. 

We  now  proceed  to  discuss  the  more  conspicuous  effects  of  water 
concentrated  in  river-ehaniu  Is. 

BZAMPUta  ok  (Jkkat  ]■'.[;■  row    (ioi.Mi   on:  Wai  UU  au>. 

Ti ..'  erOBin  power  of  water  fa  most  easily  studied  in  ravines*,  gorges, 
canons,  and  especially  in  great  waterfalls.  One  of  the  most  interesting 
of  those  u  Ni.e 

Niagara :  General  Description.— The  platoon  on  which  stands  Lake 

Brie  !'/'    \,  Fig,  $)  fa  elevated   about  three  hundred  feet  above  that  of 


L.cmt. 
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Fio   6 — IiIct.J  Lnngiludiiml  h- ■  li  Niagara  River  from  Laka  Kile  to  Lake  Oi.mrlo. 

I, :ike  Ontario,  and  fa  terminated  abruptly  by  an  escarpment  about  three 
hundred  Feel  higb  (/'.).  From  this  point  a  narrow  gorge  with  nearly 
pexpendienlai  od  two  bundred  to  three  hundred  feel  doep,  runs 

backwanl  througb  the  higher  oi  Brii  plateau  as  far  as  the  falls  (.V). 
The  Niagara  River  runs  out  of  Lake  Brie  and  upon  the  Brie  plateau  ax 
far  asthe  falls,  then  pitches  a  hundred  and  sixty-seven  rpendicu- 

larly,  and  then  runs  in  the  gorge  for  seven  miles  to  Qasenstown  (Q), 
when  it  emerges  on  the  Ontario  plateau.     I i(mg  observation  baa  proved 
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tin;  position  of  the  fall  is  not  stationary,  but  slowly  recedes  at  u 
which  lias  been  variously  estimated  from  one  tr    ;  t  iin- 

The  prooe&s  of  rocesai'  arefullv  • 

a  by  it  maintains  its  perpoodioolaritj  is  ?ei  The  .'•urfaoe- 

nH'k  nf    Kr'r    ;■]. . !«-f»u    is  a  firm  limextom    (n).       !*•■  m.  ;i t 1 1    tin.-    i.-  |  .  i 

.    (Ai.    Thin  softer  rook  ia  rapidly  era  "Rlie  falling 

r,  and  leares  the  harder  linm-t.>no  | 

projecting  tables  are  loosened  and  fall  into  the  chasm 

■>•..    'I'hi  cilitated  by  the  join!  stmcturo  spoken  of  on 

.,.  .■  , 

Recession  of  the  Falls.— Now.  then  isevory  reason  to  behove  thai 

Jlie  fall   Was  originally  situated  at    I  .vn,  the   river  falling  out 

iiir  eeoarpment  at  tli.it  plaoO)  u  it  baa  fforked  its  way  basin 

on  by  tin  |  "■  •  tcva  wo  have  jiwt  deaori 
-area* follows:  i.  The  general  oonhguraiiouof  tin 
as  already  described  forcibly  suggests  eucli  an  explanation  to  the  moat 
din.  r,     &  A    1.    i-r  - Mwiiiiiivtion  confirms  it  hv  rhat 

gorge  is  truly  a  valley  of  erosion,  since  the  Strata  00  the  two  • 

(see  Fig.  ').    :t.  As  already  seen,  the  falls  have 

receded  in  bi  '  a  rate  of  from  one  Cool  t«.  three  leal  a  year* 

.f  the  gorge  thus  formed  p  not  differ  in 

■  it  from  tions  farther tiowi  an.   The 

ncluiife  that  the  gorge  ana  loci 

Qg  tho  present  gdol  eft,  aiuco  the  g 

i  been  eroded  daring  a  provioas  epoch,  and  the  river 

riated  it  as  ifc  i.  .  aid  aontinned  to  •  ctend  it 

Hut  n   found   by  Mr.  I.yell  and 


I  —  l-Ital  SocUon  BcroM  ('bourn  twlow  Uio  Knll» 

d  the  upper  margin  of  the  ravine,  i  crataining  -in  lis,  nil  of  w 
are  i  with  the  shells  now  living  in  Niagara  River.    On  the  mar- 

of  all  rivers  we  Gnd  stratified  deposits  of  mud  and  sand  containing 
The  stratified  deposits  found  by  Mr.  Lyell  were  such  m 
banks  of  the  Niagara  River  before  the  falls  had  receded  so  far, 

ten  tho  riv«-r  still  ran  on  the    Brie  plateau  at  this  point. 
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This  h*  well  seen  in  the  subjoined  figure,  representing  in  i:l*iil  cross- 
section  nf  the  gorge  below  the  falls.    Tho  dotted  lines  zeprest  ft(  ill" 

he  bauks  of  stratified 
mini  left  mi  tin-  margin  of  the  gorge,  u  the  rivet  eroded  H    bed  down 

Other  Falls.-- Tip'  evidence  is  completed  by  examination  of  ethei 

kl  fulU.     1 1 l  almost  nil  1'ctjh  iniirulur  fulls  we  find  B  similar  arrange- 

meul  m'  strata  followed  by  similar  resorts.    The  Palls  of  St  Anthony, 

in  tin-  ,Mi-.>is-ip[.i  ];ivi  r.  .ire  a  very  beautiful  illustrntion.    Men-  we  find 

&  configuration  of  surface  t«tj  eimiuu  bo  that  in  the  neighborhood  sf 

ii:i      aVbOffl  the  fulls  the  Mississippi  lliver  runs  on  a  plateau  which 

terminates  abruptly  at  tin-  month  of  Minnesota  nUver  by an  escarpment 
aboul  ;»  hundred  fool  aigh.  From  Ehu  escarpment,  backward  throngs 
tho  upper  plat  can,  runs  a  go  h  ]» )'|.<.-ndicular  sides  Dear! 

died  feet  high  for  eight  miles  to  tin-  foot  "of  the  fulls.    The  hut  shore 
the  fulls  runs  mi  a  bard,  sQurian  limestone  rook,  only  a  few  bet  in  thick- 
noes.    Beneath  this  is  a  white  Maidstone, so  soft  Stat  it  can  be  <■■■ 
excavated  with  the  fingem    This  sandstone  forms  thewalli 

Si  far  :i>  Iho  e-curpUMnl       The  re'-iv-simi  nl'  iln    I'.ill-  1 1  \  ihr  iituh  i  in  ill  i  n  lt 

iiimI  fulling  of  the  limestone  is  even  morn  evident  than  at  Niu 

Tributaries   running   into   tin1    Mississippi    just  belOW  the   fallf-  sir.  . 

course,  preoipitated  over  the  margin  of  the  gorge.  Here,  therefore,  tho 
same  conditions  arc  n-j  nul  hence  an-  formed  subordinate  gorges, 

ted  by  perpeodiculflT  falls.  Such  are  the  falls  and  gorge  of  Uttle 
River  (Minnehaha),  whiofa  nun  into  the  Mississippi  about  two  miles 
above  the  mou  -  VI  inuesota  Uiver. 

Another  udinirable  illustration  of  the  conditions  under  whiofa  per- 
pendicular fulls  r«<-<«l«-  i-  fi»nnd  in  the  fulls  of  tho  mniien-n.-  trilnitun  • 

of  Columbia  River  where  the  great  river  breaks  throngli  the  Cascade 
The  Columbia  River  gorge  is  2*500  to  8,000  feel  deep.    The 

valla  consist  of  oolunmar  basalt  underlaid  near  the  wutor- level  b 
-,.!'i,r  eongloinorsito.     Kvorj  tributary  at  Qua  point  emergei  from  «, 
deep  gorge,  headed  two  or  three  miles  hack  bra  perpendicular  wall, 

OTOr  which  is  precipitate)]  the  water  of  the  tributary  as  a  fall  800  \<> 
800  feet  high.  The  falling  water  erodes  the  softer  conglomerate,  nn- 
il.Tinine.s  tho  vertieal-eoliiiiiiii'i]  basalt,  which  tumbles  into  the  str 
and  la  asrried  awaj  ;  and  thus  the  fall  has  worked  back  in  each  case 
about  two  or  three  miles  to  its  present  position.*  All  of  this  has  taken 
place  during  the  present  geological  epooh.{ 

#QUberl  lion  ahuvrn  (American  Journal,  SsgDBt,  187ft)  llial  comparative  freedom 
fmni  detritus  U  another  condition  of  the  formation  of  pcrpi-nilk'nlar  waterfall*.  In 
muddy  rlwre  commencing  luequalltlea  »r*  filled  up  bj  unliiuciu,  sad  mUrfkUl  odd  sot 
bo  formed. 

f  American  Journal  of  Science  and  An,  IS" I,  vol,  vii,  pp,  1(57,  259. 


WATERFALLS. 


15 


The  wonderful  fulls  of  iho  Yoeemite  Valley,  of  which  there  art  rfx 
in  a  radius  of  live  miles,  one  of  them  t,,600  met,  throe  600  bo  WO  feet, 
nrnl  l  ■  bigh,  seem  to  be  an  exception  :<•  Ihe  lew  given 

above.    Their  perpendicularity  Menu  to  be  1 

iit<e  ,  >f  the  cv;,  of  the  valley  hy  an  UOJ  and 

therefore  the  shortness  of  I  luring  which  the  rive 

the  hardness  of  the  granite  rocks.     The  S 
Mini i to  gorge  was  not  iiuulc  In  the  present  riven  during  the  present  I 
epoch. 

Time  necessary  to  excavate  Niagara  Gorge.— All  attempts  to  est  i- 

n... I   in  excavating,  Vugnra  gorge  must 

[reliable,  since  we  do  not  yet  know  the  oircumstancei  wbiob  con- 
trolled the  rate  of  xecea  liffsront  stages  oi  i  \  ■■■<•-     Among 
tances,  the  most  important  are  the  volume  of  watt r,  unci 
the  haniii'ss of  iho  rooks, and  the  manner  in  which  hard  and 

soft  :i  posed.     Tim   present   position  of  tin?  falls  H  apparent^] 

able  tor  eesion.    Mr.  Lyefl  think-,  trom  personal  observa- 

i  the  au'rage  rate  could  not  have  bei  a  more  than  one  (dot  per 
annum,  and  probably  much  lf«s.  At  thii  rate  it  would  require  about 
33,000  years.     M  I  estimates  make  the  probable  rate  threa  feet 

a  year,  and  the  i  in u -.  therefore,  18,000  jeaTB.     But  a 
the  one  or  the  other  estimate,  tin.-  ii  -  not  he  con  founded  with 

8  earth.      The  work  of  SXOavatlng  the  Niagara  ohasm  be 

lcmgn  tn  tin-  p  apoch,  and  the  time  is  abeolately  iii  iuiiiii<-.uii  in 

comparison  with  the  >:  of  which  we  will  speak  in  the 

sub*'  arts  of  this  work.   The  Fells  od  8t  Anthony  recedei  about 

per  aom  I  has  made  us  gorge  in  abonl  8,000  years 

(Vrinchell). 

Ravines,  Gorges,  Canons, — We  have  already  scon  (page   IS)  that 

ravin  bare  produced  inmonntain-regions  by 

opera  ion  ol  rronive  agt-i  where  are  examples  more 

abati  than  in  our  own  counti  v.  ally 

■.  the  most  remarkable  are 

the  gorges  of  the  Odbnabia  Rivers,  fifty  miles  long 

\  thousand  feet  deep;  those  of  the  (forth  and  Smith   Forks 

at  the  Anmiean  R  i  feet  deep  in  solid  dato;  tbeoaflon 

of  tin  ,  with  Its  Hetchhetchy  Valley  j  the  canon  of  the 

•  ith  its.   Yaaemile  Valley,  with  nearly  vertical  granite  cliffs, 

WOO  to  1,000  f"-?  high ;  and,  deepest  of  all,  tl         ndcaton 

r,000  feel  deep,  in  bard  granite. 
Some  of  theae  great  cations  have  been  forming  ever  slnoe  the  forma- 
tion of  the  Sierra  Range— i.  a.,  since  the  .Jura  1.    It  is  possible, 
that    in  .some  of  them  the   er-  ''by 
it  igneou                -.producing  fissures,  whieh  have  been  en- 
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buged  aii'l  deepened  i'v  watoi  and  bj  lea    But  there  are  some,  al  least, 

which   may   be   proved   to  have   been  produced   wholly  bj  erosion,  and 
that.  -Inriiiir  111'.-  |>resont  or  at  least  during  very  recent   ideological  limes. 

v\  e  refer  especially  to  those  irhioh  hare  been  eoi  through  lava-streams. 
In  Middle  sod    N>iri In-t  ii  California  are  found  lava-streams  which 
have  Bon  Sierm    By  means  of  the  strata  on 

which  they  lie,  these  itreaauan  known  to  hare  flowed  after  the  end  od 
the  Tertiary  period    Sat  the  present  riven  hare  alnoathat  time  en1 


9  — L*m-!jtT'-ttm  cut  through  bjr  ltl»rr»:  .1  a.  iin-nii:  hi  I    rtitry;  ad, 

SOU!  Kucha,     ii  i1 

great  canons  tlirmij;l)  the  lava  ami  Into  the  underlying  rock,  in  some 

'ii  feet  deep.    Bnch  facta  imprest  tu  with  the  imman- 

sity  of  geological  times     1  hia  important  point  i  ad  mora  fully 

in  a  subsequent  part  of  this  work. 


Flo.  O.-BnttM  of  tho  nan  (Powell). 


But  nowhere  in  this  country,  or  In  the  world, an  the  phenomena  of 
eaRon*  exhibited  on  so  grand  a  grain, and  nowhen  an  tlo-y  so  obviously 
tin-  p.-miIi.  of  pure  erosion,  as  in  tin;  legion  of  the  Grand  Plateau  of 

I 'tali.  Ar  ■■  ,  iw   Mexico,  and   Colorado.     This    plateau  is  elevated 

7,000  to  8,000  feet  abore  the  sua,  and  composed  entirely  of  nearly  hori- 
zontal siruiii.  comprising  nearly  tho  whole  geological  series  from  thu 
in  v  downward.    Through  thia  scries  all  the  streams  1;  iheir 


caKc  etc. 
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own  ward,  fanning  narrow  canona  with  hi  ii.i.-i  perpendicular  wi 

deep,  so  thai  in  mai  we  haw  Kite  singular 

aon  <»f  :i  whol  n  running  almost  bidden  fur  below 

country,  and  Ij  impaaa- 

I'ertnin   •  (*M  Frontispiece)*      N"r 


1W 


Wtm.  10.    Cittern  of  Um  Colonulo  mil  lit  Tntmurioa  <f  rota  *  Dn> ..  bony). 

for  the  rain-erosion  has  been  bo  thorough  and  general 
1  of  tin  npp<  m  "f  tin'  phiiivr.!  Ii;u<  I ■■  -•  r i  whollj  carried 

awa-  or  isuliitvl  lew!  '.sitli 

i       All  i 
shown  in  Fig.  10.    The  explanation  of  then  deep  and  narrow 
;\  to  be  friiinii  in  the  predominance  «>f  strew 

t-erosion,  which  is  chai  ic  of 

it). 

km  <if  the  Colored 
deep,  forming  the  grandest  natnial 
known.     Int..  thii  the  tributaries  on1 
iul  depth,  and  often  of  extreme  narrowni  J.  11 

rppr  itiml  proportiona  of  bim  h  a  canon. 

Time. — Than  remarkable  canons  hare  been  oul 

.  which  are  still  continning 
I'lic  work,  ]inihably  commenced   in   the  ©arlj    I  v.'ith 

■1 


tin-  emergence  of  this  portion  of  th  became  more  rapid  in 

tin-  latter  portion  of  the  'IVrtiary  wirli  tin. i great  elevation  of  <  in- plateau, 

and    has  QOntJIUMd  to  the  present  time. 
'I'll  is,  causea  now  in  operation  are  id 
lied  with  geological  ii^eni  h- 

In  tin.-  Appalachian  ohain  gorges  and 

valleys   of   erosion   are   nliiiinlnut,   but    the 

evidence!  of  present  action  are  lew  obvi- 
ous, and  therefore  ire  defer  theL  treat- 
ment to  Pari  II.  for  we  are  now  discussing 
•  nj,  m  ]i-s  .•.tilt   in  oprratinn.      Among   the 

more  remarkable  narrow  gorges  In  this 
region,  wa  may  mention,  in  pasting',  the 
TaUuldk  Kivn  several  miles  long 

and  nearly  1,000  (eat  deep,  in  Rabun 
County,  Georgia,  and   the  gorge  of  the 

■  h    Brtnd   in   North  Carolina.      The 
il    elTcets   of    erosion   will    l>e    more 

fully  treated  under  Mountain  Sculpture 

I  page  235). 

TnuuporfatUm  and  I'istril/ution  of 

'i lll>  III,*. 


The  specific  gravity  of   moat  rocks  is 

ibont  '!■>■    Immersed  i ti  tratar,  thai  there- 
fore lo-e  marly   half   their  weight. 

fact   greatly  Inereaeas   the    tranvpoi 

powei  of  water.     The  aotnal   I 

iag  power  of  water  is  determined  partlj 

I  and  pnrtlv  bj  reasoning  on  the  general  lawa  of  for... 
By  experiment  we  determine  the  transporting  power  under  a  gi von  sot 
of  i-irenmstancea:  by  general  masoning  we  determine  its  law  of  vuria- 
tion,  and  apply  the  data  given  by  expei  iment  to  every  possible  case. 

Experiments. — It  has  bean  found  by  experiment  that  a  current, 
moving  .it  the  rate  of  three  inohea  per  second,  will  take  up  and  entry 
along  fine  day;  moving  six  inohea  per  seooad»  will  carry  flat  tondj 

<  ight  inches  p  'i.  90ar*e  stint/,  tin  linseed  ;  twelve  inches, 

gravel:   t  wciitv-fMiir   Inohea,  pebblea ;   three  feet,  angular  stODM  Ol  the 

sire  of  ahan's  egg.*    It  will  be  readily  seen  Erom  the  above  thai  the 
tcreatM  much  more  rapidly  than  tfu  n  keUtf,    For 

in  tanco,  ■  current  of  twelve  inches  per  second  carries  gravel,  while  a 
current,  of  three   feet   per  second,  only    three    li  ater  velocity, 


Flu.  II.— tfrrtliin  uf  Uu  Vbgea 
(afu>T(Jilb«rti. 


*  l'.i-<v«  (Jcology.  p.  28— Ilunliinc 
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indred  iiini-s  lis  large  iw  graim  of  gniT«l.    I.- 
I 
Law  of  Variation.— If  tin;  surface  of  the  obstacle  in  ooaatant,  the 

.. •ity  BQnaied. :  /«  v"  (1).    This 
may  be  easily  pro  bate  en  obstacle  like  the  pier  of  a 

iing  in  water   running   with  any  given    vel 
if  from  any  cause  the  velocity  ...I  the  sum  mo- 

■  EbroeiB  equal  b  •>  of  matte  multiplied  bj  rehxritj 

(J/  =  «j/  x  l'),  the  fore*  of  the  oarranl  will  bo  gvadrupled,  fur  than 

be  double  Jitity  of  water  striking  tie  a  given  I 

with  double  the  velocity.    If  the  relooiti  of  the  current  be  trebled, 

re  will  lie  throe  times  the  quantity  of  [natto  striking  with  throe 

i  the  force  will  be  increased  nine  timea.    If  the 

[oadrapled,  ixaeead  lizUea  times,  asd  eo  ont 

i.  if  the  '.  d  toe  current  remaini  constant,  wink'  the  size 

of  ;  big  nhstii'  bi   fares,  of  the  ouroenl 

will  i he  oppoting eurfaot:  if  Up  opposing  nrrfaeeiB  doubled, 

the  fori-' ■  ed;  if  troblod,  the  force  is  trebled,  etc.    I  nflar 

surfaces  vary  a*  the  sijiiare  of  the  'Hamster,    Therefore,  in  this 

o   ..   ii       dhunotei    51      d    /'  a  d*  (2).    Therefore,  1 

M*  the  vol-  the  enrrent  and   the  size,  of  ft  other 

".  then  the  foroe  varies  ns  the  square  of  the  vekHUtv  of 

rent  multiplied  bv  the  square  of  the  diameter  of  the  stone: 

.Hon  gives  the  law  of  n  of  the   moving  for  re 

r-  to  bo  overcome,  or  the  w$4§hi  of  the  stone,  varies 

as  th>- in  In-  of  the  diameters:  W  o  a*.    We  nave,  therefore,  both  the 

lair  of  the  moving  force  ami  the  law  of  the  resistance:  j  ,,  J  »  ' 

to  oonsid 
abie  io  more  //<»'  slews,  or  when   F  cc    W.     In  this  ease  tf  «  r'  x  <f, 
c  tf.     Bnl  third  equation,  lor  <t  Its  value, 

t-'  x  «•'  =  1 '.     We  place  these  equation!  together,  *o  that  ; 
-•  better  understood: 

When  snrfuoe  =  constant        .  ,  /ar'ili 

Iu:       .         .  /'  oc  tP  (2i 
Whni  l».th  varv                          .                  .  /•'«B,XcP(8) 
But Wad* 
Ami  when  IT  ot  F.  then                           .  r/'  a  s"  x  «f 
linn  by  <f  **«•"' 
fit.;                               /■'  oc  r»  ;• 
/•  a  <" 
>SW  of  a  current  or  tin  /  the  Utr<: 
as  the  firth  p              the  velocity.     This 
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<  so  extraordinary  a  remit  thai,  before  Si  01  pntig  it,  we  will  try  to 
make  ii  still  dearer  br  an  example. 

I -t-t  tf  I  l-i_r.  I;')  nj  ■  iii-.-li  a  i 

.  trill  just  niiivc.  Now,  tiit-  proposition  is  that,  ii  the 
relooitji  of  i )n-  earn  at  be  doubled,  it.  will 
mors  the  stone  >>.  sixty-four  times  as  Is 
That  il  would  >i"  bo  i  evident  from  the 
fact  that  the  opposing  surface  of  b  Is  sixte>  B 
times  eh  great  as  thai  of  n,  and  ths  movi 
force  irould  i"'  las  !  rem 

this  cause.    Bui  ths  velocity  being  doable, 
us  we  bare  almadj  seen]  ths  Eoroe 

-•jiiart  im-h  of  l>  will  now  he  four  ti 

thai  previous!]  againsl  o,  and,  therefore,  (he 
whole  [ores  from  these  two  causes  would 

be   10  X  4  =  M    times  as  great.     Hut   the 

uH>   sivtv-four    times    :h    great  ; 

therefore,  the  current  would  ho  just  able  to  more  it    We  mag 
it,  therefore,  as  a  law,  thai  the  transporting  power  taj  i-\ih 

power  of  the   velocity.     If  the  velocity,  therefore,  be  increased 
tamos,  the  transporting  power  u  increased  L,Q00,00Q  Limes. 

We  have  seen  that  a  enrrent  running  three  teal  per  second,  i  <i  aboul 
two  miles  per  hour,  will  move  fragment])  of  stone  od  (he  aae  of  i  I 

bout  tlirei  '  weight.      It  follows  from  tin   abow  law  that 

;i  ciii'i'i-iit  i if  ten  mili-s  an  boar  will  earrj  fragments  of  one  and  -i  half 

Ion,  ami  I  tolTeni  D  hour  will  carry     ■  of    100 

tone'  wi  Ight    AW-  can  thus  easUv  understand  the  deetrnotiTe  effeel 
monntain-torrents  when  swollen  by  flood.-;. 

Tin'  trwuportmg  power  of  water  mnsl  do!  be  confounded  with  its 
erastes  power    The  resistanoe  to  I rorcome  in  the  one  case  iatow^Af, 

ii»  the  ot h.r  eohuion  ■  the  latter  varies  as  the  sqti'tre,  the  farmer  as  the 
sixth  power  at  the  vi-loe.it y.      In  many  OBSSS  of  rem-  ival  of  -lightly  oohef 
iiig  material  the  resistance  is  a  mixture  of  tin  si  |wn  resistances,  and  the 
power  of  removing  material  will  vary  at  some  rate  1  /  and  W\ 

Then-  are  certain  corollaries  which  follow  from  the  above  taw  i 
a.  If  a  ourrent  bearing  sedimenl  have  Its  relocitj  checked  bj  anj 
cause,  even  in  a  slight  degree,  a  comparatively  large  portion  or  the  sedi* 
:  nmediatelj  deposited,    Bui  if,  on  the  other  hum!,  the-  \.-i<>citv 

of  a  iiurent    be    increased    by  any  cause,  in    never  SO  Small   ti  "legree,  il 

will  again  take  up  ami  enrry  nu  materials  which  it  had  deposited;  in 
other  words,  it  will  erodo  Its  bed  and  banks;  end  these  effects  are  sur- 
prising!*, large  on  account  of  thi  re  and  transport- 
ing power,  with  even  slight  changes  of  velooil 

ii.    \\  .iter,  wluther  .still  or  running,  has  a  wonderful  power  of  sorting 
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materials,     [fheterogi  f  earth,  consisting 

of  grains  of  all  sizes,  from  pe  fhu ist  •l.iv,  be  thi 

tiiU  iivooai«o  d  Brat  to  the  bottomland  then  1 1 1 •  - 1 . •  ■  x t 

d   the   uoxt,  an  until  tin-   litn.  I       falling  last,  CO 

On. Ir.      Id  running  water  the  HUDi  plan  i  u'H  more 

.  the  different  kinds  of  matei  not  dropped  upon 

nor,  hut  £UCCe£8ivol  v  f:irtlic:  M  In-  -irniiii  in  the 

il  their  finenetav    Thi*  propert]  wt  aril]  call  the  torlingpm 
irr.    Ad  vantage  is  often  takon  of  this  property  id  the  arts  to  a  ; 

or  specific  gravities.    Bj  thai  mania  grain* 
of  gold  are  a  bom  tin-  gravel  with  whioh  il  ia  mingled, and 

ire  separated  into  i  greea  of  ftnsseaa. 

u.'  nil;  up simpk-  principlee  in  the  aiplana- 

tiuii  of  all  tiu-  pbi  of  onrrarj 

/.-  i  - 1//-\  afa Hn  to  Bro$iott  and  JSMiauntatii 

i&  ooneomed  in  two  ways,  viz,,  >  ■  wto- 

If   the  current  is  full-loudcd,  its  whole  I'uiv.!  is  oon- 
suiir  :  -atinii  ami  none  is  left  ovit  for  erosion.     Such  a   river 

will  neither  erode  If  under-loaded,  the  river  will  at 

if  overloaded,  it  will  deposit.    Tims  u  current  -if  pure  water  will  an 
but  do  graving-tooh.    If  we  add  sand  and 

gravel,  Qm  erosion  wil3  mcrease  to  a  maximum,  beyond  which  it  bj 
deereaaea,  beoanso  more  and  more  force  is  oonsnmed  in  carrying,  and 
lees  and  loss  is  left  over  for  erosion  ;  until  finally,  in  tin-  full-loaded  stream, 
eases and sedimentation  begins.    Thuathe  Flatter  and  Colorado 
lave  about  the  same  slope  and  velocity;  but  while  the  i  olorado 

ic  d< 

*am*  level,  sometimes  cutting,  soniel inn's  debiting.     The  Colorado  is 
iind.  I,  the  Platl  ided.   Again;  the  Feather  River,  'luring 

■loaded,  and  build  deposit    Daring  low  water  it 

i  i •.':..:  was  previously  deposited,  eves  though  it«  velooil 

3.     Rieert  seek  their  limn 
I  nt  whieh  a  river  neithei  i>osit8  is  called  its 

base-level.     Every  river  is  seeking  this  level.     If  above  it.  it  neks  it 
itting  -,  if  below  it,  it  seeks  it  by  building  up  by  aedimeataii 

l>ccome  delicate  ii  dicators  of  up  or  down  n  la  of 

■I'M.    Suppose  a  continent  to  i  nollj  and  then  remain 

stead)  ;  all  the  rivers  would  immediate!}   increase  their  velocity  and 

making  the  ing  gorge,  two  pi bsoabn 

g  downward  bj  th  -  river,  and  a  widening  out  by 
and  rain-wash.     A  V-shaped  e&non  is  thus  usually 
fanned,  whose shape,  whethi  or  wide,  will  depend  ou  the  relal 
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rate  of  these  two  processes.  They  would  continue,  however,  to  cut  deeper 
and  deeper,  until  they  finally  reached  their  hase-I.-v.-l.  Then  they  would 
•■in  mi  deeper,  bat  iweep  boa  side  to  .•  than  ehem 

Meanwhile,  rain-wa-li  would  euntinue  to  cut  down  their  divides.  Thus 
n  hlct  li.it.nrl-.  it ud  lnw  >li\  iiies,  or  rounded  nnd  sweeping  curves,  are  l 

characteri  tic  of  oti  topography,  while  deep  and  narrow  gorges  nnd 
canons  are  a  sign  of  raoanl  elevation,  ami  ihm-furr  ruinp.-i.nttivi.dy  new 

topography.  Moreover,  successive  movement*  are  each  faithfully  re- 
corded.   Thus  Fig,  18,  which  is  a  section  across  the  (hand  Oafion  of 

tiie  Colorado,  ihowe  (be 

ful  low  in-'  I.   The 

plateaa  region  am  raised 

and  tin'  river  cut  down 
8,000  (.••■t.and  readied  it* 
hiwedrvel.  2.  The  river 
sweeping  from  side  to 
und  the  onunbUng  of  the  cliffs,  gradually  widened  the  caflOB  to  its 
width  in  the  upper  part,  b  b.  8.  Aimtlier  rise  oeeiinvil.  and  the  river 
again  eat  3,000  feet  more,  and  made  the  inner  goree,  a  a.  This  second 
rise  is  so  recent  that  the  river  lias  not  yet  reached  its  basedcwl. 

On  the  other  hand,  suppose  a  continent,  by  sinking,  carries  its 
river-beds  batov  their  I  .a.-c- 1«- \  .-1  :  tlim  tin-  dflOCeaahlg  dope  will  cheek 
the  velocity  of  the  current,  and  the  rivers  will  immediately  begin  to 
liuiM  Dp  again  by  si'diiiM-ntiition  until  theyagalo  reiieh  their  bii 
I'm  .  Dunple,  in  the  Kunasippi  Ilivi-r  the  folluwing  events  ure  recorded  : 
1.  A  higher  condition  of  land,  during  which  it  reached  its  base  -level, 
and  formed  the  broad  trough  r"  r"  r".     ■>.   A  subsidence  of  lau.l  an.l  I 


Pio.  13. — Moat  Swtlon  acre**  Onnd  C*8nn  (after  DtiHon): 
•i  ii,  mint  gorge;  b  b,  outer  caftan  walls. 


Fiu.  J4.—  Ocncralij-.i-il  9*  |  pi  Blrer:  r"  r"  ,» .  «U\  lied;  r*  r1,  second  bed;  r, 

present  bed;  il'  u".  old  dtpoBlt"    il  <i  ixwita. 

building  up  by  Sedimentation  </'  («.  the  level  /  /.  3.  A  partial  re-eleva- 
tion and  a  COtting  down  800  feat,  to  the  level  1*  •*,  4.  A  relinking 
nnd  building  by  alluvial  defu>  ii  dofabool  50  feet.    Thus,  while  on  eoast- 

i  dob,  old  sea-maigini  are  indicaton  of  arnal  movements,  in  the  interior 

of  oititincnts  river-channels  may  be  used  for  the  same  purpose. 

S.—StrattJIcattm, 

We  have,  seen  that  heh  rngensoni  material  thrown  into  ■'till  water  is 
completely  aorted.     Tbia  is  not  atratiticatioi  .  be  various  degree* 


of  fineness  graduate  insensibly  into  one  anoihcr.     Hut,  if  wc  repeal 

ill  fall  upon  -!  of  the  previ- 

and  then  graduate  similarly  upward.    If  wo  examine 

the  deposit  thus  made,  m  observe  a  distinct  line  of  juncl  ween 

tiret  and  the  second  &  p Nit    ]  or  bminatioa 

i  "t  t  the  experiment  ft  distinct  lamina  la  formed.    It 

it.  evident,  therefore,  that    to  produce  Gratification  two  condition!  are 
necessary,  namely:    1.  An  heterogeneous  material ;  and,  8.  An  in 

tentiy  aotfng  cause.     Now,  the«e  two  conditions  nre  always  present 
in  Nature  where  ts  are  depositing.     Into  every  body  of  *7i7/ 

tcater,  an  a  lake  or  sea,  riven  bring  heierogenaona  material  torn  from 
the  land ;  but  this  process  is  not  equable,  being  increased  in  the  case  of 

eD  streams  by  every  rain,  and  in  large  it.  lie  annual  Hoods. 

Therefore,  sedimentary  depi  till  water  are  always  stratii 

lu  running  water  t It*  somewhat  different.     If  the  St 

h  S  velocity  at  all  times  the  same,  then  with  every  repot 
of   the  foregoing  experiment  the  same  Idnd  of  material  falls  on  the 
same  spot — gravel  on  gravel,  Band  on  sand,  ami  mod  on  mud — and 
there  will  be  no  stratification.     In  naming  water,  therefore,  another 
necessary,  namely,  a  sari  PoT|  irben  tin* 

velocity  increases,  coarser  material  will  be  carried  and  deposited  wlii-n- 
tiner  was  previously  deposited  ;  vhen   the  v.-lmity  decreases,  finer  will 

be  deposited  on  ooansr,  and  very  perfect  etratifioation  u  the  result. 
•  ■He  three  conditions  are  ah1  in  every  natural  em 

rent.    The  velocity  oi  every  riveraurrant  varies  not  onJrj  ferj  greatly 

liferent  portion*  of  the  year,  as  in  seasons  of  low  water  and  seasons 
of  Dood,  but  also  (from  the  constant  shifting  of  the  subordinate  but 

rents  of  the  stream)  from  day    to  day.  from   hour   to  hour,  and    even 
from  moment  to  moment    It  follows,  therefore,  that  deposits  in  run- 
ning water  are  also  always  stratified.     Sometiim  •    heanty  and 
ratification   in   the  deposits  of  large  rivers  are  due  to 

hot  that  the  different  branches  flood  si  different  seasons,  and  hring 
down  difforently  colored  sediments. 

Wa  may,  therefore,  aniiouncc  it  as  n  lair,  that  nil  .wr/i'mew/firy  sV> 
'»  nrr  ttratijUd ;   and.  conversely,  that  all  stratified  matsa  in 
whirh  thr  .-.truli/i-  •  .-nit  oj F  sorted  material  are  sedimentary 

Upon  this  law  is  founded  almost  ull  goological  rea- 
soning. 

4. —  Winding  Count  of  JWa 

irsa  of  riven  i-  due  partly  to  erosion  and  partly  to 

sedimentary  deposit.     It  onspiouoos  and  im 

in  rirers  whieh   run   through  extensive  alluvial  deposit     If  the  ihan- 

of  such  a  river  be  made  perfectly  straight  by  artificial  means,  very 

some  portion  of  the  bank  a  little  softer  than  the  rest  will  be  exca- 
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vatod;  this  will  refloat  til*  COHfnt  oblique! y  across  to  the  otlw- 
wiiicii  will  become  simian  rated    Thus  the  current  is  reflect* 

from  side  to  side,  increasing  the  excavations.     In 

the  iiu,  while  erosion  is  pi ogiuniiiig  on  tin- 

r  side  of  iiic  oan  b.i   current  ta 

twitted  there,  deposit  ii  taking  place  on  the  inner 

aide,  bejoataaa  there  the  ourronl  i        ■■■  t  .•  thus, 

while  the  outer  curve  extends  bj  erosion,  tl 
,•(■   extends,  jMtri  passu,  iiv  deposit  (1 

16),  and  the  winding  continues  to  increase,  until, 
under  favorable.  circumstances,  OOntigUOUl  I 
on  the  same  side  run  into  each  other,  as  at  a  b, 
aid  tin-  cui-ve  c  on  the  oilier  side  is  thrown  (ml 
and  silted  up.  Thus  are  formed  the  oraso 
lakes  or  lagoons  (I  I)  80  common  in  the  swamps  of 
groat    rivers.     The;  uiudanl    in  the  swamps 

of  all    the    <iulf   rivers,  cspeeiully  the   Mississippi. 
Tfaaj  beds  of  the  river,  thrown  out  and 

eilted  up  in  the  manner  indicated  above. 

5. — Flood-  Plain  Dcpos  Us. 

All  great  rivers  annually  flood  portions  of 
level latid near  their  mouths  ml  cov<  them  with 
sedimentary  deposits.  The  whole  area  thus 
flooded  is  railed  the  flood  pin iii.  These  flood- 
fti^  fj  I  |wk  plain  :nv  mtv  <■xten.nr,  and  tho  dopoBite  Tery 
\j  /  J  J     fl     large,  in  the  MM  of  rivers  rising  in  lofty  mount- 

ains   and    flowing  in  the    lower   portion   of 

q  through  extensive   tracts  of  flat  country. 
In    the   lofty    mountains    the  current,    run*    with 
great   velocity,  and   gathers  abundant  sediment;  on   reaching  thu  flat 

ooontry  the  velocity  n  checked,  the  river  OTerfUnre,  and  the  aedfrneni 

is  deposited.     The  Hood-plain  of  the  Mississippi  1,'iver  is  30,000  squart> 

mile-.      The  flood-plain  of  tin'   Nile  U  the  whole  land  of   Kgypt. 

The  flood  -plain  of  a  river   may  he  divided   into  two  part*,  viz.,  the 

river-swamp  ami  the  delta.    The  ii\n'--u,mi|.  in  that  part  which  Wll 
origiii.iii;.  land  -surface;  the  delta,  that  part  which  has  been  reclaimed 

in1  sea  or  lake  bj  the  river.     We  will  take  up  these  in  succession. 

Riv^r-Swamp. — We  have  already  Been  that,  with  every  recurrence 

of  the  rainy  season  or  of  the  melting  of  snows,  the  flooding  and  tho 

ition   of  sediment  are  repeated.     Tims  the  river-swamp  deposit 

increases  in  thickness,  end  the  level  of  She  whole  flood-plain  rises  oon* 

tinually.     Fig.  10  is  nn  ideal  section  showing  the  manner  in  which  tlie 
plain  is  successively  built  up :  a  a  a  is  the  supposed  original  eon- 


ila    l ft.—  Thrrt  Sacccaslt* 
f  «  of  *  MmihI.  Heft 

1(1  >.T. 


FLOOD-PLAI.V   DKPOSITS. 
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figuration  of  the  surface,  t>  />  the  -i  of  deposit,  e  the  V  ■ 

of  the  river  at  l«>w  grater,  and  i  i  the  level  of  flood- water. 
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g    10.— Ideal  Sixiioti  at  »  Illvcr  uitijui'l  tu  Kluucl- 

The  extent  of  such  river-swamp  deposit*  is  sometimes  very  groat, 
Th-  . :  mil  «>f  the  Nile  eonstinin--  the  e  hole  tortile  land  ><i  I. 

above   tl  The-   river-swamp  of   t he-   Jlissi.--ij>pi    Hirer,  or   its 

flood-plum  exclosiTe  of  the  delta,  extends  from  fifty  miles  above  tin 

Ohio   to  the    1 1 <-:nt  of  the  ihltu.  n  distance  of  about  the 

hundred  miles;  it«  average  width  is  over  thirty  miles,  md  it  inolndes 
»n  area  of  16,000  square  mil<  ,     It  h  bounded  on  either  side  by  high 

belonging  to  a  n  geological  period.    The  depth  of  this 

dejMi.it  at  tin' he-ad  of  the  del  ti  lined  bj  LjeB  to  be  364  feet.* 

But  Hilgard  haa  shown  that  but  a  small  portion  of  this  is  alluvium  n 
i  deposit  of  the  present  epoch. 

Natural  Levies-—  It  is  seen  bj  the  cross-section  (Fig.  16)  thai  the 
level  of   lln   riviT-swamp  slopes  gently  from  the  river  outward.  M 

r  is  bounded  on  ea«li  >i<h-  hy  a  higher  ridge,  id,    The  material 

of  this  ridge  is  coarser  than  that  of  tl  ntp  farther  back.    Booh 

tvUurtil  /«w.«  are  found  along  all  rivera  subject  to  regular  overflow.-. 

-.-  are  formed  as  follow-- :  In  times  of  flood  the  whole  flood-plain  is 

cot-  h  water  moving  slowly  seaward.    Through  the  midst  of 

;  r  rapid  enrrenl  of  the  river.    Now, 

on  either  side,  ju  the  rapid  current  of   the  n\cr  comes  in  con- 

tact with  the  comparatively  still  waterof  the  flood-plain,  and  iaoheoked 

\  a  line  of  abu  ediment  u  deteraim 

n»l  levee.     Except  iu  \<-rv  high  freshet*,  these  minimi  ridges  are  ndl 
entirely  eov<  be  river  in  ordinary  Hoods  is  often  divided 

is.,  the  river  proper  i  river-swamp  watei 

an  not,  howevci  the  river  within 

and  prevent  overflows,  since  the  river-bed  is  also  constantly  rising  by 
•it.      Tims  the  river-bed,  the  natural   levee,  and  the  riur-swamp, 
all  rise  together,  main  a  certain  constant  relation  to  one  au- 

Artiflcial  Levies.— This  constant,  relation  is  interfered  with  by  the 
construction  of  arlifi' ;ui  Km  r-.      I'he-o  lire  d  for  the  pui|>"-' 

and  thus  reclaiming  the  fertile 
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lands  of  tin-  river-swamp.  As  the  bed  of  the  river  continues  to  rise 
b]  deposit,  the  levees  must  bo  constantly  elevated  in  proportiozi;  bn< 
1 1 1.  rii  VMfWwaspt  being  deprived  ol  -e  of  deposit,  does  not  rise. 

Tim--.  DUtdar  111'-  combined  effoctof  human  and  river  agencies  contend- 
ing Cor  mastery,  an  ttrer>mOT6flBIIg  embankment  ir>  formed,  until  tinally 
the  river  run.-  in  an  a-jinvlii.t  nitrated  far  above  the  .surrounding  plain. 
This  is  verv  remarkably  the  case  wit !  |  the  ri  ver  Po,  which  is  said  to  run 
in  a  channel  that  has  been  thus  elevated  above  the  tope  of  the  houses 
in  the  town  of  I  Yn.ua.     Pigi  IT  is  au  ideal  croea-dcetion  of  a  river  and 


no,  ir. 


•plain,  left  at  finl  to  the  action  of  nutural  caiUM  for  a  time,  but 
afterward  interfered  with  by  tin-  construction  of  artificial  lovt'es.  The 
dotted  strata  show  the  work  of  Nature,  and  the  nndotted  the  work  of 
man.  It  is  easy  to  see  that  the  destructive  effect*  of  overflow  from 
acciilint.il  rrevaases  become  greater  and  greater  with  the  eh  ml  .<m. 
The  l'o  has  thns  several  times  broken  through  its  lev6ee  and  deserted 
its  bed.  deetn  reml  village,:.    Tin  xamples  of  rivers  suc- 

uilly  leveed  : 1 1 1 ■  i hose  of  Italy  and  Holland.    Thr  Mississippi  hat 
nerer  bee*  successfully  leveed ;  but.  if  it  should  bo,  it  would  commence 

to  build  Dp  a  similar  aqueduct,  until  the  whole  bed  of  the  river  w 
lin.illv  rise  above  the  level  of  the  river-swamp.* 

6.— Deltas. 

Deltas  are  portion*  Ol  land  situated  at  the  mouths  of  rivers,  and 
reclaimed  from  the  sea  by  their  agtncy.     Over  the  flat  Biirface  of 

Sdta   the   rfrw   runs  by   inverse    ramilieation.  and    empties   h\    many 

months.  Tin-,  an  naoalljof  irregular  triangular  form, the  ipex  of 
the  triangle  pointing  up  the  stream.  The  delta  of  the  Nile  (Pig.  18) 
is  perhaps  tfa implectf  the  typical  form.    As  neon  in  the  fie 

at  the  head  of  the  delta  the  river  divides  into  branches,  and  eommuni- 

catee  with  the  en  I".  many  mouths.  The  area  of  land  thus  mado  va- 
ries with  the  size  or  the  river,  the  proportion  of  sediment  in  its  waters, 
and  the  time  it  has  been  making  sedimentary  aeoum illations.     The 


"  lr  Is  probable  chut  the  effect  of  Icree*  in  raining  the  liver-bed  tins  been  greatlr  ex- 
aggerated. Reoent  observation*  on  the  Po  aocm  to  shew  Iftal  IB  *  confined 
h>  Oic  upper  itHbel  ol  tlic  flood-plain  region,  being  proveutcil  in  Umi  lower  course  by 
tin-  iru-r  teed  vi  liidtr  of  the  current  produced  by  leveea. 


illustration  erf  tin.'  manner  in  which  each  mouth  pushes  its  way 
the  sea.  Dated  at   I &;$<>■  I  souare  miles.     The  niaUsriah 

of  vrhioh  ili li.i-  arc  composed  are  usually  the  liin  -,  all 

theoosrser  materials  having  been  deposited  higher  np  the  stream. 
Deltas  on  funned  only  '"  takta  and  iitUleta  ox  nearly  HddUn 
In  1     i  dimenfa  brought  down  by  the  riven  are  swepl 

lied  to  Bca  by   i  hr  ivtrciLiin-i  mI  instead  i.i  tin   taod 

anon  upon  the  domain  of  tin*  sea  by  the  formation  oi  6N 

the  BOB  encroaches  upon  the  land  by  tin  erosive  action  of  the  tides, end 
forms  bays  or  estuaries.    Thus  in  lidclcss  seas  or  lakes  the  mpty 

by  many  dander  months,  while  in  tidal  seas  they  empty  by  wide  bays : 

thus,  fur  example,   nil   the  riven  emptying   into    tin  lian 

lakes,  atul   all   tin-  rivers  emptying    into  the  <iulf  od    tferico,  form 
delta  ill  the  riven  emptying  into  the  Atlantic  ha  both  North 

and  South  America  form  estuaries.      In  Europe  :•.  1 1  the  ri vers  empty 

into  the  Blank,  the  Oaapaan,  the  Mediterranean,  and  the  Baltic,  form 
deltas,  while  those  emptying  Into  ih''  Atlantic  form  estuaries. 

Process  of  Formation.— The  process  of  formation  of  a  delta  may 

lie  best  studied   by  observing  it  on  a  small  soalo,  in  tho  case  of  stre. 
lets   running  into  ponds.     En  such  08008  WO  observe   always  a  sand   or 
mini  Hat  a!  the  month   of  the  streamlet,  evidently  formed   bj  the  sand 
and  clay  brought  down  by  the  current.     As  60on  as  tho  curreni  it 
the  stillwater  of   the  pond,  its  velocity  is  cheeked,  and   its   burden  of 

sediment  is  deposited.    Through  the  sand-flat  thus  formed  i  ii«-  taettm- 

ii    ramifies,  as  soon  in 

i 


Fig.  20.     Tho  raminoa- 
Wi'ii  Beam  be  re- 

mit of  the  choking  od 

the  stream   by  it    i  s  n 

i.  i  bioh  ton 
to  seek   new    chain 
The  Band-flat   is  gradu- 
ally extended  farther  and  farther  into  the  pond  by  successive  deposits, 
as  shown  in  I  81  shows  the  irregular  stratified  ap| 

of  the  depodte  as  seen  on  cross-section.     In  all  such  i  as     of 
flowing  into  pondi  oi  lakes,  tiie  stream  Bovratn  atn  muddy,  but  tlows 
out  at  l  \  dear,  having  deposited  all  ita  sediment  in  the  pond 

or  lake.     Evidently  if  this  process  continues  without    interruption,  the 

pond  will  eventually  be  filled  np,  after  irhieh,  oi  tnent 

will  be  carried  farther  down  the  stream.    In  tins  inaniii-r  amell  mount" 

aiu-lakea  are  often  entirely  tilled  >'|-.  The  Rhone  flow.-  into  Like 
Geneva  a  turbid  stream,  but.  flows  out  beautifully  transparent.  The 
whole  of  its  sediment  is  deposited  win  -rs  the  lake,  and  it  has 

there  formed  I  Setts  six  mi]  We  may  confidently  look  forward 
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■i  tribute   .  Ig  in  boll  kk>\   m<!  fi.ini- 

delta  where  h  i  Into  the   Mediterranean,    tfanj  axampies  of 

lakelets  partially  flUed, or  entirety  Hied  and  aonvetted  intomwdi 
udai  ; 

barn  rop  strata  as 

pier  and  d,    This  is  called  oWi  a    Tin- 

am  only  occur  irl  ldetrr;im.  abundant eaaru  maferieA 

0(0  still  n  Bat,  in  the  coee  of  large  rivers  flowing  long 

di*tanr«>-  ml*  tin-  lii.  ,  the  itratific 

Hate  of  Growth.    Then  I  savera)  attem]  bimatethfl 

rate  of  growth  <>f  ;  o  base  Hpneoa  an  estimata  of  t! 

i  in  delta  of  the  Rh6ne  in  take  Genera  baa  i 
one  ami  it  lmlf  mile  Brace  the  01  t  of  thatoountrj  by  the  Romans  j 

■ 

in'   margin  of  the  lain  one  ami  n  half  mile  Inland.     The 

delta  of  th  river  at  its  month  in  the  Mediterranean  is  said  to 

advanccil  ta  ea,  or  sixteen  miles,  100  B. 

'•en  miles  during  the  '  d  era.*    The  delta  of  the  i 

mlranced  tw>-  oe  the  time  of  Augt  it  the  town  Adrift, 

iow  twenty  miles  inland.    Bat  the  most  dab- 

orate  observations  have  been  made  on  th.    UifledaaippL    3  ;,m 

seen  pushed  its  waj  into  the  Gulf  in  a  most  cvtrnor- 

er.    According  to  Tbomassy.f  and  also  Hnnrphrej  and 

■  :.  t  'i.'  rate  of  advance  is  aboul  one  mile  in  sixteen  yean.     The 

rasa  in  the  deltas  mei  rer,  probabrj  aot 

•  are  special  reasons  foi  their  more  rapid  advance 

■t  the  pn  ee.     In  the  case  of  the  !'<•.  the  BODceagfu]  leveeing  of 

i  ■  sea  the  whole  of  the  sediment  (rhiofa 
woiil-1  others  ad  over  the  flood-plain.     In  the  eaee  <>f 

.   iries  the  principal  portion  of  the  i 
Btrip  but  a  few  miles  (ride,  and  the  id* 
nine*  has  been  proportinimMy  rapid.     Fur  this  reason  the  river  has 


orth 
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run  out  to  sea  for  more  than  fifty  miles,  .confined  only  by  nam 

of  land,  i  l»n  of  tht  natural  levies.      I  ujrinal  ri  i 

are  continued  us   submarine   banks  even   mnoh    beyond   the   piv 

riuiutlis  i.f  r  The  rate  of  advance  of  i  lie  Nile  .iciiu  scenis  t..  he 

much  ilower. 

Age  of  River-Deposits. — The  age  of  river-swamp  depoaiia  may  be 
BBtimatod    bj  determining  their  absolute  thfclffMfl  and   their  m; 
increase.     'I'lii-  river   Nilu   is  peculiarly  adapted    for  estimates  ol   this 

kind,  beoanae  ire  have  on  its  alluvia]  dogmata  the  seal  of  the  ok 

civilisation  and   the  oldest  known  monuments  of  human  art     These 
monuments,  the  agaa  of  which  arc  approximately  known,  are  many 

of    tiiem    BtOM   or   less   buried    in    the  rivcr-dcposit.      At    Memphis,  the 


Pto.  ».— Ideal  Section  of  Delia  «i»l  Si.l.umri...   Il.u.k. 

foundation  of  the  colossal  statue  of  Jlamcscs  II,  over  .'J.iion  year.-  old, 
ma  found    in    1654,  buried    about    nine  foot   in    riv<-r-.l.-p<».-it.*     This 

makes  the  rate  of  Increase  of  the  deposit  bhne  and  a  half  btohea  per 
century.  Experiments  at  QeHopolia  bring  outnearh  the  same  result. 
The  whole  depth  of  the  alluvial  deposit  at  Memphis  was  found  t<>  be 
about  forty  feet,  which,  at  the  above  rate,  VOOld  make  the  age  of  the 
deposit  at  this  point  about,  1  :i,500  jean.      Bal  tbifl  all   belongB  to  lb"' 

boman  epoch,  for  bricks 
been  found  beneath  the  I 

part.     The    alluvial   deposit  of 
the   Nile    is   mooh    thicker    ait 

-i:  i     ■;    '        I  1 1  ftU      fori  ■•'      feel   j 

but,  on  the  other  band,  the  rate 
of  increase  for  different  places 

is  probably  variable. 

Tii.  age  ol  a  •'■  •<'■■■  i-  usually 
estimated  by  dividing  the  oubk 
i  i  Titcnta  of  the  delta  by  the 
annual  nuid-di.schai.ee.  The 
cubic-  contents  of  the  delta  are 
[mated  by  multiplying  the 
superficial  area  by  tin1  mean 
depth.  The  mean  depth  of 
the  AfiaeisBippi  Delta,  as  di 
mined  by  borings,  ia  taken  by  Mr.  pyell  u-.v.'s  feet,  tin.-  anperitoia]  area 
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>n  square  in  ill's,  and  tho  annual  mud-discharge  at  7,400,000,000 
Upon  these  data  be  makes  the  probable  age  of  tho  delta 
eara     To  this  he  adds  half  as  mm  b   Cor  the  age  of  Uu  river- 
swamp,  making  in  all  50y000  years. 

li  ia  evident,  however,  that  tfa  de  can  not  be  relied  on  as 

even  approximately  accurate.     Eor  ther-  auOB   why  tin-  linie  of 

river-swamp  deposit  should  be  added  to  that  of  the  delta,  for  the;  I 
both  probably  formed  at  tin*  MOM  It  r  up  the 

river,  the  other  by  deposta  at  tbi   month-    Agal  •  other  hand, 

the  estimate  toki--.  no  i  uf  Ike  •!■ 

inn;  inly,  and  in  oabio  content!  pwhnh  than 

-u  bat-rial  delta,      I  and  'i'-\  are  an   Ldl  al  notion  and  B  map  of 

a  delta  in  which  a  is  the  aflrial  and  b  the  submarine portion.    This 

would  greatly  increase  thfl    ■ 

li  i  though  the  problem  is  one  of  great 

:<  in, i  -,i  i  in  possession  i  if  data  to  make  a  reliable  i al  mate. 

Bver  catee  a  rary  great  lapeo  oi  time. 

But  it  must  not  be  Imagined,  as  all  estimators  seem  bo  do,  thai  this 
b,  be  it  greater  or  aCr.  l.yoi'.v  belongs  elite 

b  geological  epoch.     Prol  fHIgard  Em   shown  that  the  true  aQB> 

vial  d  Mississippi  i.s  on\y  jiffy  to  out  hundred  JWI  !■ 

Boii'.  tho  depoaii  belongs  to  the  Quaternary  or  preceding  geo- 

7. — EslunrUt. 
have  already  seen  that  rivers  wbiol  into'tidelees  eeas 

conr  adth  the  sen  by  numerous  branches  traversing  an  allu 

■    uta  oi  the  rivi  rivi   -  emptying  into 

tidal  Bane  communicate  by  wide  mouth*  or  buy*,  formed  by  the  eroeivc 
Sowing  and  ebbing  tide.    Such  bays  are  called  eaimr- 
.i'  i    One  exampU  •  >  f  in  thfi  Amazon  and  I,a  Plata  Rivera, 

and  Chesapeake  May>,  in  tin  frulo  of  >ioiland  and  the 
fiords  of  Norway ;  in  fact,  at  tho  mouths  of  all  the  rivers  emptying  into 
ir  own  i -oast  as  well  as  on  the  European  coast.     'I  til 
i  Columbia  River  is  a  good  example  on  tin    Pacific  DOasL 
enomona  of  a  delta  and  an  a  mbined  in 

the  aai  ■  case  to  some  extent  in  the  Canges. 

Mode  of  Formation.- -Estuaries  are  evidentlj  formed  bj  Iheerorire 

eetioi  lowing  and  outflowing  tide.    Their  shape,  narrow  .  il 

and  aid  sea,  gives  gTeat  force  to  the  tidal  current, 

:ig  below  and  concentrated  in  the  ever-narrowing  channel, 

with  prodigious  velocity  and  rises  to  an  immense  height. 

Iu  the  Bay  of  Fniidy  tin- tiiir  ly  f eet, and  at  Bri  land, 

.  rty  feet,  ni  Puget  Sound  twenty-five  feet    Sometime*,  from 

obstructions  at  the  mouth  of  the  river,  I  ho  tide  enters  us  one  or  more 
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imma  n  vara,  rushing  along  like  nn  advancing  cataract     Th is  is 

Call)  &  u  Sfl  nr  or  hire.    Tin    lineal  examples  ion 

and  Teien-tang  Rivers,    la  tin-  eagn  of  tin-  Amazon  ••  i In-  tide  pus»ue 
ap  in  tin.  form  ol  three  great  raves,  thirteen  to  twenty-three 
high."*    in  the  r  H  I,  tans;,  a  single  wave  plunges  along  at  the  ml 

i  iwnty-nve  mill  -  an  I t  ■•',  uli  pi  rpendicuiar  front)  like  an  advancing 

.  four  of  live  milei  vide  and  thirty  feet  high.    In  too  ri 
Severn  also  at)  bare  a  n  markable  example  of  ao  eagre.    According  to 
tin-  l.iws  already  developed  (pps  14  and  &0),  the  erosive  and  nan-port- 
ing  power  of  snob,  ourrej     i       be  Lmnu 

'  Deposits  in  Estuaries. — Tin*  larger  portion  ol  the  materials  thus 
eroded  is  oarried  ont  bo  sea  by  the  n-t  rearing  tide,  and  will  i- 
spoken  of  onder u  Bea-deposita.n    A  portion  of  these  mai.Ti^i-.  hew. 

ihrajB  deposited  in  the  estuary  in  sheltered  covej  and  !- 
i  fig,  -.'i.  u  and  $},and  often,  vrheu  the  outflowing  tide  Is  ohstrneted  by 
gand'spitc  and  islands  at  the  month,  over  every  portion  of  the  estuary. 

In  addition  to  tin     -  iliy  in  riven  Bubjoot  to  grattl    l'r«-li.  t -.  there 

of  »ilt  from  the  .river.    Thus  many  estuaries  are  occupied 
alt  rnately,  during  the  wet  and  3ry  seasons,  bj  fresh  and  brackish  oz 

water,  ami  the  deposits  in    them  BM  therefore  alternately    fre.--li-u.itrr 

and  -ait-water  deposil  -  containing  Eresh-water  and  wilt  or  brackish 
rater  shotLa.    These  alternations  are  highly  oharaoteriatii   ol    etoary- 

ilepn-i;-  in   ill  _-r.,|ii._-ir,-i!  periods;   in  fact,  of  all  deposits  ut  the  mouths 
of  rivers  v.  -  i  and  oeean  a 

x._  Bar  • 

Ban  arc  invariably  formed  in  iieeonlrmre  with  the  Law  already 
enunciated  as  that  controlling  all  ourrant-depoaitB,  via.,  if  the  velooity 
of  a  current  bearing  sediment  he  checked,  the  sediment  U  deposited' 

There  are  two  positions  In  vUch  ham  are  fanned:  1.  At  the  mouths 

of  rivers;  and,  2.  At  the  head  of  the  estuaries.     In  the  tirr-t  position 
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'  i/'   tin    bar  is  formed  by  the  contact  of  tin-  river-current 
with  !  wilier  of  tho  ocean.     It  is  most  n  ■•  case  of 

wtuanes.     Tho  outlawing  t i ■  It;  scoura  out  the  estuary,  earning  with  it 

ment  parti  by  the  river,  and  partly  Um  tUbrit  of 

rig  tide.    The  larger  portion  of  this  is  drop 
e  tidal  current  oomog  En  contact  vtthtiu  open   9a and  is 

kt'd  by  it.     They  are  usually  irregularly  crcscentic  in  form.     Such 
arc  the  bars  at  the  mouths  of  all  liarbura.     In  tho  second  position 
are  found  just  where  the  Upward  current  of  the   in  Having  tide  meets 
itnruvard  current  of  the   river,  and    mukes  still  KXHfar.      A: 
at  we  hare  not  only  a  bur,  but   usually  af  onsive  mural  i 

!  hia  marsh  the 

0011X80,  as.  in  cotuinoii   in  all  rivera  whose 
banks  are  alluvial. 

Tim-,  then,  in  riven  like  uppi, emptying into  iilclees teat 

ii  l. ii t  ona  bar,  rut,  thai  ai  the  month;  while 

in  river*  forming  estuaries  there  an  tW0ban,an  IMtfarand  itn   iiimr. 
This  inner  lair  may  be  man-,  mill  -  ii|>  Qui    iver.     In  the  lliiilsun  B 

the  inner  bar  Landlord  ad  only  a  1 

Llbany.    Thi  '■•-water  in  tibja  riTar.* 

liars,  lieing  produced  by  natural   ami  oonai 

■■/,  though  they    may   he  Mini''! '. 
greatly  improved.     If  they  an-  Mxraped  away  hy  dredging-maohinea, 
are  speedily  reformed  on  the  same  spot.     If  we  cause  ti 

them,  as  baa  sometimes  been  'lone  bj  oamnring  the 

channel  and  thus  increasing  the  erosive  power,  we  Utl  BOVfl  the 

her.  reformed   farther  down-stream   at  a  new  poJnl  of  eqol> 

i    *ome  case.',  however,  bars  have  i  ntlg  removed. 

has  been  'lone  for  the  Danube, and  recent]]  bj  Capfc  Eadj  tor  the 

n  of  jettiea  running  out  to  deep  water. 

rent,  increase  its  velocity, and  eau.-e   the   riser  to 

ucour  away  its  l«r,  ami  thenceforth  to  deposit  ite  aadimeat  in  water  si. 

•  it  will  usuries  to  build  tt]»  again  from  the  bottom, 

and  re-form  the  bar. 

We   have   thus  traced  river  agencies  from   their  ■ODMC  to  the  sea. 
•  brings  tie  naturally  to  ocean  agencies. 

*  Tlier?  I*  «notb«r  important  principle  tflttttag  ihc  formation  of  b»n>  In  rltcr*  empty- 
in*  inir>  «nu,  vli .,  the  floocuUilou  aod  couaequuiu  precipitation  of  c!»y  *edlm«nu,  bj  wit* 
»»Uf  (Ililpirtl). 
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Section  2. — OCKAX. 
II  avea  and  I  ■ 

Waves. — WsWei   ptodnca  no  current,  and   therefore  no  gaologKMl 

1 1  in  deep  water.    Theerosrra  affect  of  thk  agent  is  almost"  antii 
<-. .11  lim-i  1  to  the ■■w.i-t-Iiii.-,  bat  si  tins  point  is  incessant  and  powerful 
ri;i  .  force  of  mvres  on  iii'1  west  coast  of  Scotland  (or  the  nun* 

net  month*  ib  aatimaied  bj  BteYenson  at  81 1  pounds  pi  t 
and  foi  the  winter  months  at  8^086  pounds  pa  square  font.*   In  violent 
storms  t tto  force  is  estimated  Bt  JMXW  pounds  per  sonars  foot,*,  and 

meats  of  took  of  man]  bandied  tuns'  weigh)  era  often  hurled  toe 

OOnsiderable  distil i  t  ii<-  hind.     T1h\-i  ills  hurled  against   tliV 

shore  in  the  prin- 

Oipel  agent  Of  u:iu-- 

on.      Tin'    ra- 
pidity of  the  v: 
of  b  ooasUltne  bj  the 

0     id     w:i 

detennined     partly 
bj  thi  •  aud 

parti]   by  die  Incli- 
nation of  tii'-  strato- 
If   the   strata  bin 
their   hoes  to   the 
waves,  particuIarlT  if  inolinsd  al  a  anal]  angle,  the  affeol  of  the  waves 
naparativelj  alight  i  Kg.  \'."');  but,  if  the  adgea  of  tin'  strata  an  ex> 
posed  i"  tin'  wavrs,  the  erosion  is  much  greetec    For  instance,  if  Cos 
strata  be  horizontal,  a*  in  Fig.  '!'■■  then  1 1  ie  strata  are  oadermined  and 

i 
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form  orerhanging  tablsNTOclcs,  which  from  linn-  bo  time  fall  Into  the 

sou;  if  the  strata  arc  vortical  or  highly  inclined  and  their  edges  turned 

to  the  soa,  then  an  ezeeedingrj  Irregular  oeaetdine  i-  fur  mud  and  the 
erosion  is  rexynpid,ai  the  force  of  the  wares  ii  concentrated  upon  the 

re-entering  angle?.     Fig.  l"i  is  a  map  View  of  a  coast,  in  which  bona  n  tft 


*  Dtna'»  M»nu»1,  p.  654. 
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b  tliu  watcs  strik.  ■  s,  whim  from  a  to  c  tlicv  il 

•  rata.    The  arrow  ■how  the  direction    I  if  the 

strata.    The  difforence  in  the  form  of  tl  en  el  Agfa 

■  •  1 1  tting  ever  at  the  shore- 1  in*. 
Then-ceding  hind  it  in  on 

«jba'|iiri.iN  platform  which  marks  the  amount  of  riv^-ion. 

•iiinlhr  88),  in  which  I  i-     In-,  MPS-  lini  .  i  I  he 

wal  10  the  platform,  r'thfl  original  shore-line,  and  tfbi  tbi 

original  h1o|m»  of  ii.itt-.ni.  The  recession  of  the  shore-line  and  the 
nation  of  Che  shore  platform  have  been  aoonrately  observed  in  Lake 
Michigan  (  Andrews)* 
i  i  rel  platforms  termi- 
nated therefore, 
found  Inland, 
sometimes  iu<ii>;it.'  the 
tion   ..f    . 

Tides.— Tim  tidi 
a  wave  i  -■  hiee,  and  three  or  foul  feet  in  I  :he  open 

oed  in  iin'  Attractive  for f  the  moon  and  n 

of  the  ocean.  The  relooity  « >f  this  wave  ia  rexy  great,  dnce  it 
trareut  around  the  earth  in  twenty-four  houra  In  the  open  ocean  it 
pro^  v  little  current,  only  a  slow  transfer  of  the  water  bank  and 

forth,  too  slow  to  ]  >i  affect  ;*  bnt  is  .-hallow  water, 

ia  of  the  ware  is  impeded,  il  pili  :  lid  i  asea 

in  height,  and  gi>  currents  of  great 

and   Etna  -ivo  power.     Bj   this   m  i  and   harbora  are 

form  mnela  are  scoured  out  and  deepened.     Tides 

al«n  i  mportant  part  iii  assisting  the  actio  ~<-  Dpon  the 

whole  ooast-Une.    The  action  of  wares  on  exposed  eliih  ijaiokfj  forms 
aoca  ir  base,  composed  of  Kami,  mini,  shingle, 

■  bich   receive  Hrsi  and  greatly  diminish 

.  .f  the  wavoa  upon  the  cliff.     Tl  ag  of  the 

wares  upon  this  tUM$  rednces  it  to  a  flnei  and  ftnci  condition,  and 

bear  much  of  it  seaward;  so  that,  even  without 

other  agent,  the  protection  is  incomplete,  and  the 

i    Bnt  if  strong  tidal  currents  ran  along  the 

ooeet,  these  effectually  rem i  iris  and  leuve  the  i-Iiff  rxpnwril 

m  of  the  waves. 

Examples  of  the  Action  of  Waves  and  Tides.— The  coasts  of  the 

»w  many  ex  am  pi  o«  of  tho  erosive  action  of  waves  and 

!.  ■      r  England  coasl  is  largely  determined 
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Iiv  this  («usi'.      'I!u-  Miter  parts  are  worn  away   into  liurhm 

waves  and  ■coaredoni  by  tho  tides,  while  tin-  bard*]  parts  roach  out 

liku  rocky  ami  fi»r  into  tin-  .-.■n.     SometilDM  "iil>  small  rocky  islands, 

i  .'.•  nf  i-unli,  m:irk  Mic  [.n.-i|jnii  ut'  (Inform. 

Una,    Boston  Harbor  and  the  rooky  points  and  Islands  la  its  vicinity  are 

l  examples.    The  process  ia  Btill  going  on,  and  ,:.-  pm 
narked  fr"ni  year  to  year. 

iin  :ii,-  Si, mill. hi  iiia-;  examples  of  a  similar  process  are  not  l 
Ing,     At  Qape  May.  fur  Instance,  tin-  onset  i.s  aearlnj  ti  a  rats 

of  about  niiii-  irri  per  annum.     The  sun  exposed  portions  about 
Charleston  Harbor,  such  as  Sullivan's  Island,  are  said  to  be 

BWaj  BTOt)  i '<  rapidly.     As  a  gi'imrnl  fact,  however,  the  tow,  -.nily,  or 

muddy    ihorefl    of    tin1   Siiiitlicrii    coasts    arc    receiving   ecoeasions   more 

rapidly  than  thoj  are  wearing;  vhile>0D  the  con  (ran,  the  New  B 

bud   coast,  a-  proved  li  mm  !i  more  | 

it gaim.    Tin  shores  "f  Lake  Bnperior  (Fig,  89)  furnish  many  beauts 
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ful  examples  of  tho  action  of  waves — in  this  ease.  Of  0001  bad 

by  tidaa  Hie  general  form  of  the  lake  along  its  south  shore  ia  detep- 
mined  by  the  varj  ing  hardneai  of  tin-  rock  -,  the  twi.  projecting  promon- 
toriei  La  Pointe(a)a>  ■•  iv-inl  (■)  being  oompoeodof  fa 

■in-  rock.--,  while  llio  im.TM-iiin  jind  "'  are  ..ofter  satidsi. 

On  the  south  shore,  about  i»,  between  La  Poioteand  Fond  du  Lac  (/), 
the  oonditfoni  of  rapid  eroaioii  an  beautifully  seen.    The.  shores  are 

i.-'tono  ditTs.  u-ith  heai-iv  in.  tr:it;i.    These  have  been  eroded 

beiieatii    hs  the   waves,  ill    some  places  for   hundreds  of  feet,  forming 

iiiiiiiense  overhanging  table-rocks,  supported  by  huge  sandstone  pillars 

very  conceivable  shape.    Among  these  huge  pillar.*,  and  along  these 

l.»w  arches  and  gloomy  corridors,  tho  wave   ihish  with  a  sound  like  tliun- 

Prom  time  to  time  ttieM  I  ing  table-rocks,  with  their  load 

of  earth  and  primeval  forests,  fall   into  the  lake. 
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coasts  of  Km  dos  on  a  more  magnificent 

And  have  been  more  earefully  si  m  I  led.     The  cliffo  of  Norfolk  art'  curried 

v  m  a  ra  •  Beet-  and  those  >'f  Sforkahue  ^ix  feet,  annually. 

•li  of  the  JJeculvers,  on  the  coast  of  K.  the  mouth  of 

.    :.i:    the  time  Ol    Henry  V"  1 1 1 .  •  1 1 1 1  ■  mile  inland.     Since 

iai  tteedilj  adrauoed  until,  in  1804,  a  portion  of  the 
churchyard  foil  in.  and  the  chorea  '■van  abaodonod  as  a  placo  of  wor- 
imri'li  itself,  ere  this,  would  ban  boan  undermined  and 
fallen  in,  had  it  not  been  protected  l>yartift<  iul  means.     Then 

iiiatii'  lie  Qerman  Ocean  of  islonds  which  lime  been  entfc 

washed  away  during  the  historic  period, 

tidal  currents  tbroogb  the  British  and  Irish  Channels,  along  the 

western  coasts  of  Ireland  nod  Scotland,  a g  the  Orkneys  and  I  f . - :  > - 

,  and  especially  along  the  coast  of  Norway,  an  rot}  powarfnL 
Aloi  eoasl  ii  forau  (he  oelebfated  Madatrom.    Thi  anaive 

effects  of  the  sea  are,  therefore,  wry  conapl  oath  and 

cast  coast  1  f  England  the  scoaioo  ia  xraa  pro]  rapidly.    On  the 

vent  coast  of  Ireland  and  Scotland  the  waste  is  not  now eo  great,  bo* 
the  softer  material  is  nil  removed,  bat  the  configuration  of  the 
ws  the  waste  has  suffered.    A  glum 

of  Ireland  sIiowb  a  doeply-indonted  metera  ooast,  eompi 
of  alternating  roehj  promontorieaand  deep  bttja.    On  the  sreatern  aoaat 
ofBcotiand,  m  . .  1 11  y  <m  the  Orkney,  Shetland,  and  Hebrides  I.d- 

ends,  the  wasting  affect  of  the  sea  baa  bcttn  still  greater.    Not  only 
hat*  w,  ban  the  same  afaanotec  of  coast  as  already  &  w  [bed  (as 

and),  bat  many  small  Islands  bavol a  eroded, 

.  a  nucleus  of  the  hardest  rock  is  left;  and  even  these  ban 
ti  until  tin  but  the  ghastly  skeleton*  of  nm 

and*  80  and  31  will  give  some  idea  of  the  BO]  of  these 

ml  island 


coast 
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The  coast  "f  Norway  eonsista  entirely  of  deep  Horda  altera 

with  jutting  headlands   of    hardest,  rock   several   thousand    feel    til 
AlOng  this  intricalfly-'li., MOted  OOasi  then  rani  a  chain  of  high,  rucky 


Km.  81. 


lehuidfl,  which  in  an  nr-rm rate  map  i-  .-•■•.■n-.-.-l \  ilistiiiLMii-hahle   from   the 

If.  being  separated  only  by  narrow,  deep  ftatda    Toward  Eke 
northern  part  of  the  coast  I  q|  tin-  Scandinavian  chain  mma  to 

nni  directly  :il«»i  1  j^  tin!  jotting  promontories  of  the  ooasl  line,  foe  those 
headlands  are  the  must,  elevated  part  .of  tlu-  country ;  in  fact,  in  soma 
parte  it  h  hi  Unit  (In-  original  crest  was  .it  me  tuns  still  Barker 

.  along  tin-  tins  of  ooast-islande.  If  so,  then  the  wa  haa  not  only 
carried  iiwuy  thf  whole  w«-sti'rn  .-- 1  < . i m ' .  but  luia  broken  throngfa  the  main 
a n is,  leaving  only  these  Isolated  rooky  Islands  as  monuments  of  its 
former  position,  and  is  even  no*  ing  its  Mirages  far  inland  on  the 

eastern  slope.  In  thi  0088  of  \orwny.  however,  and  probably  in  easo 
of  nearly  nil  bold,  rooky  coasts,  the  Intricacy  of  the  ocsanVlina  la  nol 

das  wholly  or  even  |>riiK  ijiidly  to  the  ac-tion  of  waves  and  tides,  hut  also 
to  Other  oatis«is  to  which  we  shall  r<  f<r  hf-i 

Transporting  Power. — Tin-  trsmportiiig  power  of  waves  la  imnu 
lygn-.it.  often  taking  np  and  burling  on  shore  masses  of  rock  hundred* 

of  torn  in  weight  i  bat,  being  entirely  confined  to  th( asfcJine,  the  "''■-- 

i  1 1 1 .  -.  carry  i-  neoessarily  very  United.    There  are  some 

Usees,  however,  Of  matt-rial.-  ■  :i.  i!  'I  to  great,  <li>tnw-cs  by  tin-  in 

ion  of  wave*.    Tim?,  according  i<i  Prof.  Baohe,  ad  Is 

earried  alowl  ■  and  author    rath  by  the  action  "f  waves,  and 

gilioeoas sand  is  found  si  Gape  Sable  on  the  extreme  southern  point  of 
Florida,  although  the  whole  Florida  ooasl  as  Ear  as  Bfc  Angustins  >« 

i  of  ooraj  limestone  alone.    Be  aooonntc  toi  this  by  loppos 
that  the  trend  "f  the  United  Stal  .-  nioh  thai  waves  con 

from  the  east  strike  the  coast  obliquely  and  fall  off  toward  the  south, 


OCEANIC  CURRENTS, 


89 


ag  each  thus,  a  little  land  with  them.     $  dmikr phenoa 
tun  I  rved  'in   Lake  Ifichigan;  the  sands  are  carried 

toward  the  south  end,  where  they  BOCUffiokto. 

i  isits.— Thu  Invariable  offset  of  ww  lug  book  sad  forth 

is  to  wear  off  their  angles  and  thus  to  form  rounded 

fragments  and  granules.    Tim.*,  pebbloB]  shingle!  and  roundrgrained 

sand,  th  >y  allenrrBnte.  areet] mil;  tie  of 

wave-action.     Rijiplt-maria  arc  alto  duaraeteristic  of  ourrent-ectioD 
in  shalh  ii-  lrfniv,  always  fonaed  on  shore  by  the 

■  .'  waves  and  tides.    By  I  il  thi  .->•  .-Iiai.-e  It. -ri: 

Muuiy  coubL-liuL's  of  previous  geological  epochs  hun  be     detsn 
mined. 

W«    i  n  that  waves  usually  landi     In  many  cases, 

tad.      I  bit  il  thfl  OaM  ■whenever  other  I 
S  river  or  tidal  currents,  drop  fledJJBWl      i        !i  il l«.w  water, 
within  reach  of  lion.     We  shall  again  gjn-.ik  of 

these  under  the  head  of  Laud  formed  bj  Doeao  Agencies. 

O&attic   ('urn ">,/.•.: 

The  ocean,  like  the  atmosphere,  is  in     do  i  mt  motion,  not  only  on 
its  surface,  bat  throughout  its  whole  mass.    The  general  direction  of 

tin-  in  the  two  cases  is  ul.-u  similar,  lull  there  are  disturbing  ami 

con;  i>  ar  to  each,  which  interfere  with  the  regols 

and  simplicity  «f  the  phenomena.     If  the  currents  of  theatmesp 
are  more  voriablo  on  iweiiiint  i>f  do  greater  the  fluid,  oceani.- 

currents  have  also  their  peculiar  disturbing  onset  in  i  tones  of 

.jsnble  barriers  in  the  form  of  continents.     In  both  atmosphere  and 
k«,  currents  may  nlao  be  defta  ttbmariiu  bank*,  for  mountsin- 

chaina  are  the  banks  of  the  aerial  ocean. 

Theory  of  Oceanic  Currents. — By  some  distinguished  pi 

oceanic  currents  have  I  irelj  to  thfl  action  of  the  <V 

vtH'1.1.*    There  can  be  no  doubt  that  t  .  yet  it  sooms 

i,  nay,  aim  tin,  thai  the  great  and  controlling  oanse  of 

of  the  ocean,  as  of  the  air.  is  difference  of  temperature  between 

aUorialand  polur  regions. -f     We  will,  therefore,  disooM  thfl  sub- 

is  point  of  view,  although  the  "id  be  much  thfl 

same,  whatever  be  our  view  of  the  theory.     For  the  Kike  of  clearness, 
we  will  take  first  the  simplest  case,  and  then  introduce  disturbing  in- 
iCCfl  and  show  their  effects. 

:,  the  earth  covered  with  a  nnivtnutl  ■  1 1 r i 1 1 1 1 n  1 1  v 

•a tor,  and  cooling  at  the  poles ;  the  difference  of  di 


•hel,  Phrjical  (^«o-T«phr,  p.  IS ;  and  (Troll,  Clitsite  »ih1  Itme. 
t  Gurot,  Eanb  ud  lUo.  p.  180. 
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of  tin:  equatorial  and  polar  seas  would  cause  exchange  or  circulation 

between  ; ii •  .  rogiona  bftnanui  od!  north  and  mtth  mmnti  >■■<  oM 
[uatoiial  currents  being  superficial  because  warm,  and 
the  polar  currents  deep-seated  bet  rw  oold.  It  is  obviously  impossible, 
bowerer,  ihiiL  the  principal  iT^himgft  should  be  with  the  polt  itself, 
siuce  tliis  is  but  a  point,  hut  with  the  northern  ngiont.  Obaeiiution 
shows  that  it  is  between  the  equator  and  the  pilar  circU.  In 
we  are  dow  oonsideriog,  the  exchange,  being  in  »ll  longitodee,  would 
be  Boarcely,  if  at  all,  percepl 

Suppose,  second,  tin'  earth  bn  sot  a  rotating  I  then  the  currents  pass- 
in'.'  bom  either  polar  be  the  equatorial  region  would  !«■  denVt  i 

and    morn  to  tin-  westward   until,  uniting  at  the  equator,  thej   would 

there  Conn  a  direetly  westward  equatorial  current  running  around  the 

earl  li.     Tins  westward-moving  water  would  bo  constantly  turning  north- 
ward  and  southward  in  all  longitudes  as  B  superficial  current,  and  finally 

,iurd  u  bou  I  the  polar  circle,  to  join  again  the  decp-sciitvd  polar  cur  - 
rent  going  to   the  equator:  thus  forming  a  series  of  regular  clli 
lying  over   each   other    in   strata,  dipping   eastward  and    outcropping 

westward — u  represented  in  Fig.  S3.    As  the  north  and  south  enrrenta 
a  a'  and  b  b'  would  take  place  in  ail  longitudes,  they  would  be  scare  ly, 

if  at  all,  peroaptible;  but  the  east,  currents  d  <l\  ami  the  westward 
equatorial  current  a  c,  where  all  these  unite,  would  bo  derided. 

In  the  third  place,  introduce  amtinMtU  pa    i:e:  across  the  equator 
from    north  to  south,  forming  impassable  barriers    to    the    east    and 

west  cm  '  anil  </  d 

'I  ben  men]  of  the  lines  of 
current  u  <>  a  would  be 
rded  againsl  the  west- 
em  shore  of  the  ocean, 
and  of  the  lines  h  h  b age 
the  eastern  si,  nigg 

in  each  eai  f  \\\  eoneentni- 
linii  very  decided  current--. 
while  in    mid-ocean    these 

omenta  would  be  *till  Ira- 
pi  rceptible.    Thus  the  i 

Ctptibtt  current*  of  an  ocean  Hit iiiit ed  between  continent.-  would  be  rep 

roBonicd  bj  the  figure.  ( Pig.  39)  nlcra  from  Di 

Besides  the  main  ourrenta  above  mentioned  there  woald  be  minor 

each  "li  the  pole  it.-clf.*      A    portion   of   the  eastward   current  il 

and  aT  would  turn  north  and  southward.  <■  <' ,  and  odrollng  around  would 
return  toward  iim  equator  as  a  dee)'  leased  curronl  under  a,  hugging 


/ 
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the  ahon  nut  uf  the  westward  tendency  of  all  currents  moving 

I'liitor. 

I  tin'  Irode-viiudfl  would  be  to  ooufiiN  witb  the  cause 

already  di*  und  in  ll"-  formation  of  the  pgafttorfal  current  r  r\  uutl  by 
ilit-  wfleotfon   uf  Qua  fr-im   continents, 
rents  spoken  i 
Application.  —  Vf»  will   now  apply 
the-1-  i  the  explanation  of 

if  Um  Atlai  I     I  toaaO,toT  tl 

urw  best  known. 

<  nrrenti  doming  b  and 

■out;  i  aort,  and  oo 

:  : 

unite  Ui  form  an  |]  current 

wnifll  until, 

8 1 1  agaii  it  tho  coast  of 
South  \  rth  and  louth, 

dm  not  l»ecn 
accurately   traced.      It    probably   t  .1    wd  omenm.  Aorta*  Omnri 

111  1  !•  J        »  • 

gradual!}  I,  tr,  uud  forming  a 

grand  rfnale  in  the  southern  Atlantic  joins  again  tin-  South  African 
i       Dorinern  bra  rasa  along  the  oomI  dA  Sootli 
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A Mif!  i.  :i.  through  the  I  larlbbean  Bm  ami  into  the  tin  If  of  Mexico,  from 

which    emerging  11  rums  with  great  velocity  thrOOgh   tin-   narrow  straits 

of  Florida:  Bud  thenoe  under  the  namaol  the  Gull  Stream  along  the 

OOast  of    North  America,  turning  more  ami   more  eastward   in  obedi- 

in-. adj  inrniioiii'ii,  until  it,  beaomea  an  eastward  cur- 
i -■  1 1 (.,  </.  abonl  p '  latitude  j  and  thenei  "aat 

of  Europe,  anil  tin  i)  southward  to  join  (In-  equatorial  current. 

A  pardon  of  it,  bowerer,  in  ii-.ca-iw.inl  oonxae  torna  aorthwara\svand 
returns  as  a  cold  polar  current  tagging  the  than  of  BTortl 

:i  ,,il,l  zi'itil  hi  the  <  i •  1 1 r  Stream,  ami  thus  pMWM  MUtfa. 

Geologioal  Agency  of  Oceanic  Currents. — The  retooitj  of  oceanic 
.■in  reals  is  generally  small* although,  in  the  case  of  tin-  Gulf  Stream,  at 
the  Florida  Btrail  almost  aha  velocity  of  a  torrent,  viz.., 

throe  And  a  half  to  five  mill')    per  hour.      The  volume    of    water  earned 

in  them  isalmosi  InoonoeiTaUj  gnat;  H  la  estimated  Unit  the  Qnlf 
Stream  alone  oarrioa  man}  timet  more  watar  that)  all  the  riren  of  the 
globe.  According  to  Oroll,  it  i^  aqua!  to  a  current  iift\  mile.-  nidi 
one  thousand  feel  deep,  running  at  urate  of  four  mile-  per  hour.  The 
geological  agenoy  of  these  powerful  currents  in  modifyiog  thi  bi  ttou 
of  tin-  sea  bj  .•r.K-niii  maw  be,  and  by  sedimentary  deposit  »»«.»/ 

von    important,  though  as  yd  <<>m  ii:»i-;»I  iw-ly  tittle  I.  novfU. 

One  of  the  chief  functions  of  oceanic  Bummta  ia  the  braneportatioa 

and  distribution  ora  tin  open-sea  bottom  of  sediment.-  brought down 

by  the  rivers.  Hy  far  the  larger  part  of  the  tlfbru  Of  thfl  land  is  08T- 
taialy  dropped  near  tin-  -limr.  and  marginal  sea-bottom-;  BIB  every  where 
tin-  Lrn-at  t  heat  res  i  if  sedimentation;  bnt|  without  tl  10  agency  of  marine 
currents,  none  would  reach  open  Hen,  <W/ would  be  dropped  n.-.ir  ihorO- 
Hy  the  agency  of  these,   however,   the  fitUf  portions  are  carried  and 

widely  distributed  orex  oertain  portknu  of  deep-sea  bottom*!  We 
lmv<   undoubted  in  aome  easoa.    Tlum  the  sediments 

brought  down  by  the  Amazon  arc  .swept  seaward  by  n  strong  tide,  and 

then  taken  by  the  oceanic  Barren!  which  sweeps  along  that  coast,  and 

led  800  mill-,  and  deposited  much  of  it  on  the  coast  of  Qnii 
According  to  Humboldt,  tho  same  atrenm  csrriea  aediment  from  the 
Caribbean  into  the  Gulf  of  Mexico,*    [There  hi  little  doubt,  too,  that 
niin  h  of  the  sediments  brought  into  the  Golf  of  Mexico  In  the  Glili 

rrrea  u  rwept  along  bj  the  'i»lf  stream,  and  a  part  of  it  deposited  on 
Florida  I'oiut  and  the  Hahnni.  The  Burfaee  transparent 

the  dull*  Stream  ia  do  objection  to  this  rfew,  as  a  lit t b-  reflection  will 
show.    Ocean  -  differ  from  rrrexa,  in  the  fact  that  the  former 

ran  in  perfectly  smooth  Ms  i  I  therefore,  no 

subordinate  currents  from  side  t< i  side,  or  up  and  down,  whereby  in  n 
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thorougl  '''l  op, and  the  finer  sediments 

preventing  from  settling     (nooean*  ;rii»m*aneB8f:i. 

i:ll  water.    It  ii  undent,  therefore]  I  lai 

:i  lit tK-  time  nink  out  of  tight, 
although  from  the  great  depth  of  theae  ourrents  thej  tnaj  still  b 

Deep-i  ■  Its  have  until  recently 

red  11.  although  tlu'v  are  acknowledged  to  be  of 

i  rn  |  ii  >rl:  i  tn  ■<■. 

Submarine  Banks. — Then  nelly  aooumnlationa  of  mai 

droJlJK-d    IrV    '  m    fonin  miliar    I" 

those  whioh  determine  the  formation  of  bn  Itber  by  the  meefc- 

inb>laden  •  ;i  acuranl 
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Tm.  Jtt— TVJ«  of  IJk  GfiDM  Oeran.    Tfcei  ,  .  rcpracni  »acco*»l>c  potitfon*  of  the  »«3- 

v»utiiiK  CUSe. 

••ntact  with  still  water.     In  fa  t,  the  outer  bar  i-  n  true  submarine 
liatik.  itber  tidal  or  oceanio or  river.    Admi 

iplos  of  both  those  modoa  of  formation  are  fonnd  in  the  Got- 
The  tidal  wave  from  the  A  tbinl  a  the  British] 

pent-*  round  in  both  direi  d  enters  this  ocean  from  the  north 

around  the  north  point  of  Scotland,  and  from  the  south  through  the 
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liriti.-^li  Channel  and  Straits  of  Dover  (Fig.  86).     Tin  i  two 
coming  [ n mi  opposite  directions  meet  and  main  still  water,  and  there- 
fore depoali  their  sediment  tad  (oral  banks.    Again,  the  tidal  oorraal 
is  conceutnit.il  in  the  British  Channel,  and  nuia  with  great 
scouring  oat  this  channel,  and  in  addition  gathering  abundant  atdimant 
from  the  riven  emptying  into  the  ehanneL    Thus  loaded  with  . 
nin.i.  it  rushes'  through  th  «  si  ruins  of  Dover,  and,  comiD 

oontaot  >wiii  tin'  wtill  water  of  the  Oerman  Bee,  Eonnt  eddfc  •  oo  either 
hiili.-,  htiiJ  deposits  it'  sediments.  Besides  the  banks  thus  formed,  there 
are,  of  coarse,  ban  formed  ut  the  months  of  the  riven  emptying  into 

-hallow  BOA      I'y  B  combination  of  all  these  onuses,  W  explain  thfl 

numerous  banks  wbioh  render  the  navigation  of  this  sea  w  dangevona 
Hut  great  banks  far  awnr  from  shore  an  osually  formed  by  oceanic 
ocrrentB.     Thus  the  Banks  of  tfewfoandbu  lentlj  formed, 

partly  al  least,  by  the  meeting  of  the  polar  enrrex  ring 

Eoebargs  loaded  with  earth,  and  the  warm  current  of  the  Gulf  Stream, 

perhaps  also   hearing  its   share    of   lino   sediment       Again,   the    I 

Stream]  raehing  at  high  welooity  (four  miles  per  hoar)  through  the 
narrow  Straits  of  Florida,  coming  in  contort  with  tint  still  water  of 
the   Atlantic   beyond   and   forming  eddies  on  each  side,  und  depositing 

BOdimont, hat  certainly  e^ni: .  •"•■■  -<\  to  i'"nn,  if  it  has  ii"i  wholij  ]'"iiiH'<l, 

the  Bahama  Hanks  on  one  side,  and  the  bank  on  which  the  Florida 
reefs  art  built  on  the  other,    bis  probable  that  manj  other  peonltari* 
ties  of  the  Atlantic  bottom  in  the  conreeof  the  Gulf  Stream  ma ■ 
similarly  accounted  for.* 

Land  formed  by  Ocean  Agencies.— r  pot i  submarine  bank 
these  may  In-  produced,  are  gradually  formed  Islands.    These  Islands 
sre  always  formed  by  the  immediate  agency  of  waves.    .\  the 

submarine  hank  rises  do  near  the  surface  that  thi  ouch  bottom, 

and  form  breakers,  these  commence  to  throw  op  the  Band  or  mini  until 

an  island  n  Conned,  which  continues  to  grow  by  the  same  ugency,  nntil 

babited  by  plants  and  wviwfla,  and  flns  an.    The 

rht  of  -nrii  islamlg  above  thaaoa  will  depend  npon  the  height  of  tin 

tides  and   the    force  of    the  waves.      They  are  seldom  more  tlnm  tifteea 

above  high  rater.    Thus,  wo  find  thai  extensive  banks  are  always 
dotted  over  with  i  I  manner  are  formed  the  low  ii 

common  about   tin-   months   of  harbors  and  estuaries,  also  the  narrow 

gam/spils  all  along  our  Southern  coast,  separating  the  harbors  and 
sounds  from  the  oc<  :* ti  l-"ig,  :;.'..  which  is  a  map  of  the  Nortli  (  afoliafl 
coast,  will  giw  I  Idea  of  these  Band-spits.    Tn  ti  e  of  time 

Mich  HHintls,  being  proteotod  in  so  rite  Eron 


"  Sm  tho  mithor'g  rlews  on  this  HAJtOt,  American  Journal  of  Science,  vol.  - 
\.,u„;;  v„i,  x,ii,  p.  tad,  1880]  Bdenea  »ol.  ii,  p.  7W,  I 
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I  ing  action  of  the  tides,  are 
gradually  filled  up  with  ndimentfl 

i  by  the  rivi-r.f,  having 

ron  passages  f<T  tb«  B< 
the    tide.     In    this   manner   were 

all  along  nnr 

[painted  from  the 

I  narrow  tidal  b> 
!         tidal  inleti  may  bo 

■ 
Lnunferred  fnrtbei  sea* 

ion  <>f  the  coasts  of 
1  nil  by  I 

tbrmed  islam  bare  already 

II  on   BOmO  roasts, 

S    itland,  etc,  islands 
are  fbrau  \etim  ao- 

so  common  along  all   coasts,  are 

slaaaoa,  ami  formed 

\,\  two  oppoidu    effects  of  wares — 

1  _•.  the  other 
The  islands  of   one 
class  an  of  tin.'  oil,,  i   low  and  sandy  or  QUI  i<\\  :  the 

Conner  are  tin.'  scattered  remaiiiH  ..f  nn  i  line,  (he  latter  the 

•  of  a  new  coast-line.* 

3bi  noa  5.    . 

of  ioe  urill  tx  considered  onder  ths  heads  of  CHaciea 
anil  i  i  the  effects  of  frost  in  disintegrating  rooks  baring  been 

already  ti  dor  Atmo  aciea.     It  i-  only  oompara- 

im]K»rtatn  •.■     I    <■■    :i  •   :t   L'^cl'^'ical  u 
has  been  recognized.    To   Agaaaia  ia  due  the  credit  of  having  first 
fully  recognized  this  importance. 

lera.  ' 

Definition. — In  many  porta  of  the  earth,  where  Hie  monntaini  r 

;m  i  pi'tuiil   midu',  iiml   other  fSTOring  conditions  are 
preAcnt,  we  find  that  the  mi  are  occupied  by  mosses  of 

i  In;  stniw-caji   alinvi-,   lint   extending  far 

nov-line  into  the  region  of  cultivated  fields,  and  i • 

■low]  i  instantly  down  theslope  of  -li"  valley.    Boch  reJ 


Hi*.  30.— Cool  <it  Surlli  Camilla 


•  C«..t  ialajkds  ar*,  koverer,  ofl*n  formed  by  »«b»iJcnec  of  eonnoenttl  margin*. 
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itiens  of  the  perpetual  sue  called  gtaefars.    Thee 

BUMOfglaoi  thtir  motion  arc  nc<  cs.*italrd   In  the  epical   fc/«-  <•/ 

is  Nature.     For  io  those  oon 

gin  i  '  pctutil  Mum  I iv  c\  n   i,  small   in 

comparison  iritfa  the  snppl]  by  the  fall  oi  snow.    Then  would  be  no 

munlatioii   uf  BSOW   Oil    i n < »ti 1 1 fni 1 1 - »< •  j •.-,  if   il 

•lid  mil.  run  off,  down  the  dope,  bj  then  nv-st reams,  and  thai  return 
into  t  i it-  gi  in  r;il  circulation  of  mefeoria  waters.    Qlacien  doi 

i  i  i  >  l  \  Ear  below  the  snow-line,  bnl  oven  Em  below  the  moan  line  el  : 

In  tin.)  Alp-  the  mow-line  la  al I  9,000*  feel  above  I 

while  soma  of  the  down  t4i  within  3,228  feel  (Prest- 

uirii)  of  the  same  level,  i.  e>,  more  than  (1,000  fed  below  the  anow-li 
Necessary  Conditions.— The  conditions  neoasaaryto  the  forms 
of  glaciers  are  i  L  The  mountain  mast  rise  into  the  region  of  perpetual 
snow,  for  the  mow-cap  Ei  the  fountain  of  glaciers.    2.  There  must  bs 
considerable  changes  of  temperature,  ami  tin 
ami  freezings,    Tins  condition  wemi  pcoesgary  to  the  gradual  com;.' 

Ingot  snow  into-glacier-ice.    The  want  of  this  c I □  is  upper  i 

the  cause  of  the   non-existence,  01  small   development,  of  irlsi 

i n>|iical  regions.    :j.  a  moist  b  re  is  favorable  to  thou  | 

lion,  I'm-  the  motstertne  Him.*,  reater  is  the  Buow-fall,  and 

smaller  Is  the  ^aste  by  evaporation,  and   therefore  the  greater 

,s  which  in  11 -t  run  08  bj  glaciers.    This  is  an.  additional  reason 
whv  ghv  iersare  not  formed  under  the  equator;  for  the  groat 

for  moisture  of  ill.'  :u'i-  in  1 1 1 i -  .'.••no  increases  the  waste  u  bile  H 

the   full  of  snow.     *l'li i s  i-  also  the  reason  of  the  scanty  formation  of 

a  'ii  tic-  Sierra  Mountains,  and  their  abundance  and  magnitude 

in  tin-  AlpB. 

Ramifications  of  Glaciers.— Wo  hare  said  glaciers  are  vaUey-prolorj 
gatiom  -  A-eapi    Nov,  monniaiit-Talleys  are  of  two  kinds,  viz., 

1.  The  deeper  and  larger  longitudinal  •;>//.  ,/*.),, 
ami,  i.  The  irtnuvtru  or  radiating  pottsys,  transversa  in  1  woof  ridges, 
:md  radial  lug  in  case  of  peaks.    The  longitudinal  ralleys  may  be  fori 

title  agencies  felling    lie-  1  111-I  "f  the  e.i 

inii  the  transverse  or  radiating  oaMtgt  an  alway  d  by  tru- 

ll i«  these  vs  1  rosion  which  arc  ooonpied  by  glaciers.     In  conn- 

tries  when-   there  are  no  glaciers  thej   are   occupied,  of  coarse,  by 

\\"  tune  already  shown  (p.  9)  bon  thi  •■  rall< 
near  the  top  of  the  mountain  ag  farrows,  which,  uniting,  form  gullies, 
and  iln-ir  turn,  forming  ravines  and  gorges, tiros  becoming 

and  ;.-.  ■  iii:-iK'.rous,but  lur  s  base  of  the moun 

In   the  Same    manner,  therefore,  as  Streams   ramifv.  -■>  also  i]n   glaciers. 
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The  only  difference  is  tlio    degree  of   ramification.      Streams  ramify 

; 1 1 1 1 1 < •  - 1  infinitely,  while  glaciers  seldom  have  more  than  three  or  (OUT 
tributaries.     Fig.  81  i-  a  map  of   Lin     .\|.,ui    BIttU  glacier  region.     By 

inapeoti I  this  map  it  will  be  seen  that  ihe  .Ver  tit     i  .  recetrea 

fOUT  tributaries  marked   /,/,//,  eie.     On   |>a  an  enlarged  view 

of  the  same  glacier  with  iti  tribntari 

Motion  of  Glaciers.— A;j,i  i n,  we  iiaroeaid  in  ourdefinition  thai  gla> 

cian  arc  in  eonstant  motion.     Ry  the  la-  LMtJon,COnstaal  iL.wn- 

1  motion  ia  as  necessary  to  the  idea  of  a  glacier  as  it  is  to  that  of  a 
river,  --'nice  both  the  glacier  anil  thn  river  curry  away  the  I 

ntj  over  ovaporatinii.  lim  a  glacier,  though  in  eonstanl  motion,  bi 
-  beyond  ■  certain  point,  whore  the  don  downward  motion  is 
r i y  balanced  bj  tin  melting  of  the  loe  by  eon  and  air.  This  point 
ia  called  the  towtr  limit  at  the  glacier.  As  long  ai  oonditfone  remain 
unohanged,  the  lowi  r  end  of  the  glaoier  remains  exactly  at  the  wme 
point,  although  the  substance  of  the  glacier  moras  elwayi  downward. 
Bat  if  external  oonditiosa  change,  the  poinl  daciec  n 

upward  or  downward.     There  are  two  opposing  conditions  which  de- 
termine the  position  of  the  point  of  the  glaeier,  vi/...  the  rm- 
fum  and  the  rate  of  molting.    Tims,  (luring  »  sin 
years,  the   melting   hcing   lc»s  rapid,   the    point   of   the  glacier   inovea 

.slowly  down,  aomatiraee  inrading  cultivated  Belda  and  overturning 
hate,  until  it  timls  a  new  point  of  equilibrium.  I  Miring  asuceeesion  of 
warm  and  dry  years,  on  the  contrary,  the  melting  being  more  rapid, 
ih.  point  retreats,  to  find  a  now  point  of  eqnilibriam  higher  opine 
mountain,  again,  daring  a  cycle  of  years  of  heavy  snow-fall,  the 
sin  is  flooded,  Id  motion  moreaeod,  and  its  point  advances;  n 
doling  a  oj  smaller  snow-fall  its  dime n.^i.  nu.tion 

ii  retarded, and  Its  point  retreads.    Bnt»  whether  the  point  he  station- 
ary, or  advance  or  recede,  the  BabetaaOC  Of  the  glader  is  ever  moving 
iily  onward.     It  may   he  compared   to  those  riven,   in   dry,  sandy 

countries,  which  r\n\  ever  toward  the  Ben,  hut  never  reach  beyond  a 

certain  point,  being  absorbed  by  tho  sand. 

Graphio  Illustration.— Those  facts  may  be  graphically  represented 
as  follows :  Taking  lin-t  the  motion  constant  in  time,  and  the  melting 

variable,  let   <t  <l   (Fig    IIS)   eipial   the    length   of  the  moiiuta 

and  the  line  ab  (=ri/l  the  vedocity  of  the  glacier-motion  taken  as 

uniform.    This  velocity  varies  with  the  slope,  as  will  he  soon  hereafter, 

but  is  little  affected  by  the  elevation.  It  may  he  taken,  therefore,  as 
the  .-nine  in  every  part  of  the  slope,  and  therefore  .-crivi  tly  represented 
hy  e.|iial  lines,  i.  ....  hy  tho  ordinates  of  the  parallelogram  0  i.ril.      The 

melting  power  of  tho  sun  and  air,  on  the  contrary,  regular!)  inerusaee 
from  (he  top,  where  it  is  almost  nothing,  to  the  bottom  of  the  mount- 
ain.   We  will,  therefore,  represent  it  by  the  increasing  ordinate]  of  tho 
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trim  >'^  »loTe  the  ordinate*  of  the  triangle  and 

of  the  parallelogram  are  equal  to  each  other,  «  iil  be  the  lower  limi 
the  glacier.    During  a  Bocoeeaioii  of  cool  years 
the  rat-.'  »{  melting  "ill  be  represented  by  the 
onlioateeol  the  smaller  in.:  and  the 

puint  c»f  the  glacier  will  advance  to  z.     Daring 
■.•ession  of  warm,  ra,  the  rate  of 

i  ip  will  be  repi  I  by  the  larger  trian- 

gle a  t'  d,  and  the  point  of  the  glacier  will  re- 
code  !•"•  //.     Taking  next  the  nutting  as  ewi- 
slant  ia  lime,  :iml  represented  as  before  b 
line  a  e,  ami   tin-   motion  as  reliable;    then,  if 

of  motion  be  represented  by  ordi- 
nates  of  the  line  b  <•,  the  point  of  the  gi 
will  be  id  nu  before.     But,  doling  :i  cycle  of 
glarm  -  iuereasedand 

represented  by  a  broken  line  V  <",  and  thr 
j«oint  librinm  is  advunci  ;  and, 

le  of  diminished  snow-fall  and 
■hmnkon  the  rate  of  motion  i«  repre- 

.  and  the  point  of  equilibrium 

Of  these  two  factors  of  advance  end  retreat* 

probably  the  greatest;   fur,  in 

id  under  the  same  climatic 

Donditiona,  -..nit  glaciers  ma]  g  end 

treating.     The   reaaOD   U  U   follows:    As  in  small  #t reams  the 

doklj  Follow  the  rain,  while  in  long  riven  like  thfi  Mississippi 

flood  at.  tln>  mouth  may  be  delayed  :i  ivei  k  or  I   m    lays;  so  in  short 

glaciers  the  ice- flood  may  reach  the  pnim  in  live  or  ten  years,  while  in 

loug  glaciers  it  may  take  fifty  or  more  years.* 

line  of  the  Lower  Limit  of  Glaciers.— We  have  *aid.  again,  that  the 

reaohei  below  the  .-now.] in.'.     There  are  three  lines,  or  rather 

running  above  the  surface  of  the  earth,  which  are 

apt:  tother,  and  moat,  therefore,  he  now 

These  at  as  «/  perpatuat  tnoa,  the  hum  On*  of  32°, 

and  the  2mm  of  the-  lor  ■■.    The  line  of  perpetual  snow, 

about  16,000  to  17,000  feel  above  \h*  lea-lereL    As 
»<•  approach  the  poles  it  gradually  approai  level,  until  it 

touches  at  or  near  the  poles,  forming  thus  a  spheroid  more  oblate  than 
the  rarth  Uaelf  (Fig.  80).  Next  follows  the  mean  Una  of  88°.  Thin 
rommen  mt  with  the  snow-lino  (it  may 


Flu  **.-  Diagram  ■liowlnr  tin- 
Cauan  of  ArtTBiifc  unit  }(«•- 
tiwt.  Tti«  doited  line*  r*j> 
rami  tncmur  »n<1  ■trrrriiei! 
•if  mrlliiii- 

'  uc  and  decnaac  or  mu- 

II. Ml 


•  Poirl,  archlTcti  iks  Prirnccs,  xol.  si,  pp.  3,  ami  U*.  IS8I. 
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Imj  even  above  it— Dana),  but  diverges  as  we  pass  toward  the  pole, 
Mid  finally  touches  tho  sen-level  at  about  fit;*  north  Hid  south  latitude, 
at  b  b.     Be-low  this,  again,  is  the  line  of  lower  limit  of  glaciers,  which, 

amending  again 
iy  rainci.lont  with 
the  two  preceding,  at 
the  equator,  appmoch- 
es  and  touches  the  sea- 
level  at  about  W  lati- 
tude, or,  undur  favor- 
able circumstances,  at 

latitudes, 

Tho  difference  bc- 
tween  these  lines  ta 
of  tt  i .  I  rand 

f ■  ■•  i.     In  the  Alps,  tho 

line-.f  : 

and    the   line  ft!   lower 

limit  of  gbv  ian  I^OOO 
feet,  below  the  snow- 
line.     In    gome    | 
of  tin    arotii    region, 
tie  line  i     ■  " 

feet,  below  the  snow-line,  and  In  Norway  the  lower  limit  of  ghe 
la  1,000  feet  below  tin-  Una  of  88"  (Danul.     For  the  sake  of  .-implicit} 
we  have  represented  the  surfaces,  of  which  these  lines  are  the 
as  regular  iphexoldai  bat,  in  fact,  they  hit  very  irregular,  Wing  much 
influenced  hj  climate.     Their   intersection,  with    the   sen-level   will, 
therefore,  not  be  along  Unea  el  latitude,  but  will  be  irregular,  like 
therms.    As  the  line  n  r  mark.-;  the  lower  limit  of  glaciers  in  different 
latitude."*,  it  is  c\idenl  thai  at  c  glaciers  will  touch  the  sea,  and  beyond 
l  his  point  will  run  far  into  the  mil.      ll  \n  in  this  manner,  M  WB  will  see 

hereafter,  that  foabergB  are  formetL    in  Ohfli,  gladera  toi  sen- 

level  at.  itP  iff  .south  latitude.* 

General  Description. — In  gtaohd  regions  a  mountabwvaltey  is  oecn- 

picl  in  n     iii.-liest  part  h\  \»-ry.  tuai  mi.-w  ;  bolo*  thi  .  farther  di 
the  i  i'6 — a  granular  snow,  Intermediate  between  snow  ami 

ice;  still  farther  down,  by  true  *daeier-iee  j  and,  Anally,  by  a  rc'rpr  (Pig. 

44).    Thin  river  la  funned  partly  by  the  melting  of  the  whole  surface 
of  the  glacier,  both  above  and  below,  and  partly  by  the  natural  drain* 
aye  i>f  tho  valley.    The  glacier,  however,  la  the  prim  ipal  source.    1 
the  point  of  every  glaeiar,  therefore,  runs  a  river 


Flu.  3B.-Ocncral  KcUttoa  af  Limit  of  lllaclcr*  to  Snow  -Liir\ 
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sfa  of  glaciers  varies  very  Dtnch.  Alpine  glaciers  are  some  of 
them  fifteen  miles  long,  and  vary  from  half  it  mile  to  three  miles  in 
breadth,  and  from  one  hundred  to  nix  hundred    feet   in  tide  knees.     Jn 

region  ahour  llont  Blano  and  Finsteraarhorn  alont  (Mahout 

foar  Lundreil  glaciers.     Jn  the  temperate  i  of  North  Ame 

:or»  ure  found  only  on  the  lJi»eific  const,  i r ■  tl  I  and   IV 

Itanges.     On  Mount  ShaMa,  and  •-|>f«-iMlls  un  Mount  Kaimer,  glaciers 

itjuul  to  the  A 1 1  is  have  been  recently  found.     In  the  Bimalan 

Mountains  they  are  developed  upon  a  much  more  gigantic  scale;  but 
it  is  only  in  arctic  regions  that  we  can  form  any  just,  conception  of.  thaii 
immense  importance  as  geological  agent*.  In  Spitsbergen  a  gladee 
wae  Been  eleven  miles  wide  and  four  hundred  firt  thick  ai  the  point.41 
bicknan  only  represents  the  part  ab"  By  fur 

larger  part,  ur  six  sevenths,  is  below  water>level    in  Greenland  tho 

great  lliiinboldc  Qlaci  the  sea  with  a  point  forty- live  miles  wide 

threo  hundred  feet  thick  (Kane).     The  Itov  Glader,  Alaska,  Ja 

lied  toiler  hiiig.f      Hot  ■  ..•  examples  give  an  ineom- 

e  idea  of  the  whole  troth.    Greenland  is  apparently  entirelj  - 
with  an  imn  ml  thousand  feet  thick,  which 

■ '  ■.  seaward,  and  eateathe  ocean  through  i<Ja.| 

ring  from   the  Immense  barrier  ni'  Icebergs  found  bj   Captain 
I'nited  Stales  Explorii  ■  Its  coast,  the  ants 

ire  thicklj  covered  with  ice  than  Green* 
land. 

..re  apt  to  suppose  that  the  surface  of  a  glacier  must  !*•  smooth. 
This  ia,howi  .  far  from  being  trni-.    tin  (he contrary,  Hie  ex- 

o  roughn*.i»ol  ti'  venders  the  ascent  aloi  .  ...cier 

extn  flfc    I       Thi     'i  iqualil  j  of  sui  fa*  s  is  due 

■h  to  en  The  unequal  meltta 

.  lying  on  the  surface  of  a  glacier,  pro- 
tects the  sun  '  nth  from  the  rays  of  the  ran.     Meanwhile  the 
sun-,               ioe  ti  melted,  until  finallj  the  slab  d  ends  on  a 
■  :                                    .1  height  ( Kg.  -I'M.     A  slab 
es  met  rurcd  23  feet  long,  17  feet  wide,  and  '■■>■:  feel  think, 
column  13  feet  high.    In  such  cases  the  stone  finallv 
falls  "iT.  leaving  a  sharp  pinnacle,  and  another  column  commences  to 
f(.n>.                        tone.     In  this  manner  are  formed  wl  ailed 
fit*.     When  we  consider  that  there  ure  immense  numbers  of  sta 

face,  we  can  easily  see  that   these,  needles  will   multi- 
ply .  |y.      If,  OB  the  other   hand,  it   thin  stratum  "f  eiirtli  .-I 

the  surface  of  the  glacier  in  spots,  these  spol  refer  than  the 


•Dana'*  Vv.nu-1.  t  Hefcaa,  Am.  Jour.  Sii.,  rat  isvtlt,  p.  74,  18*t. 

>!ai  Science*,  vol.  ixrii,  p   13a. 
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surrounding  ice,  becauao  more  absorbent  of  heat,  and  thus  form  deep 

An  admirable  illustration  of  extreme  i i ir-<inalir \  of  tin'  surface  of 
ici-  is  seen   in  the  case  of  the  small  residuul  glacier  still  remaining  OH 
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Km.  *i.-  Ut-Hlllnnon  pjuk.^r<  I..-1.  i.l>n.irr,  ralirnmla  (»ru>r  Rnwioll). 

Mount  Lyell,  Sierra  Nevada.*     On  the  top  of  Mount  Lyell  there  in  an 
immense  amphitheatre  {cirque),  filled  with  mow  and   too.     In  An:. 

tiic  garfnoa  of  this  loe*fleld  Ea  Bel  vitb  ioe-bladea,  tin to  four  Boot  high 

and  only  two  feet  apart,  a*  in  the  section  Fig.  41.     They  are  probably 

formed  as  follows:  In  winter,  when  the 
mow  is  deep  and  light,  it  is  blown  into 
wind-ripples  <m  a  large  >e:ih\      'I 

beoomi  B  ki  I  I  ij  surface  melting  and  freez- 
ing, and  then  tin-  greater  action  of  the 

.vim  in  tin' troughs,  partK  h\  the  reverber- 
ation of  he.it  ami  parti \  hy  accumulation 
of  dust  there,  causes  these  to  become 
deeper  ami   deeper.     It  in  necessary  to  re- 

lueiiilie!  that  there  ii  little  now  dot  rata  in  this  region  after  about  t he 
oi  May  until  November. 
Again,  Barareei  r  crevasses,  often  of  groat  size,  ten  to  tin 

wide,  one  lmmlred  feet  deep,  and  sometimes  running  entirely  across  the 
glacier,  arc  very  abundant.  As  the  surface  of  the  glacier  is  often  <-nv- 
li  snow,  and  the  fissures  thus  Concealed,  they  form  the  most 
dangerous  feature  eonneoted  with  Alpine  travel  The  law  which  gov- 
eras  their  formation  will  be  disctueed  hereafter;  suffice  it  to  say  that 

•  &»  piper  by  the  writer.  Arwrican  Journal  of  Science,  n*.  r,  p.  333,  1873. 
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tw  WO  fori  I  lie  glacier  passing  over  au 

angle  formed   by  u  midden  change  in  tin-  dope  «rf  Uwbed.     Streams, 
produced  by  thfl  inrlii  B,  running  OH  tin-  BUlCUM  of  the  gUV 

{•lunge  iuto  these  fissures  with  a  thundering  Doiaa,aad  hollon  onl  tav 
•o  wells,  •  ■•uiitix,  tind  magnificent  iee-eave*.    Although  the 

gUri  i  ;it  (TL'ViufMi'M  and  the  weDfl  with  their  fall.s  remain 

.1  rapid  01  breaker  remains  sta- 
tionary, although  the  river  mils  onward  ;  und  for  tin  ,  iiz., 
that  it  is  reformed  always  on  t tie  game  spot 

From  all  these  causes  the  surface  of  a  glacier  h  often  studded 
conical  nMawMSfid  projecting  ol  i^iy  conceivable  ahape. 

18  « I'll  shown  in  the  no  uiiiimtiying  figure  (Fig.  42).     Tbeae   in- 
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I'll.    U.     Iun|ii*lltica  tif  lUc  SsrflM  ut  m  QlMha  \»t\n  AgN 

are,  of  le  n  still  of  differential  melting.    The  whole 

fog  (ablation)  is  much  greater,  even  as  moon  ai  twenty-fire 

urns  "f  tl  ier.* 

Earth  and  Stones,  etc— The  surface  of  a  glacier  is, moreover,  1j. 

h  and  stones  gathered  in  it-  course  Erom  theornmbling 

H iff*  mi  either  side.      These  an-   nft»-n  so  aim  ii'l.int   as  alim i^I.  to  COtOT 

How  i.-  p,  they  arc  distributed  in  two  or  mare 

row*,  e  ill    i  m  »  of  a  glacier,  with  its  moraines 

and  lateral  ■ ruvasses. 

;i  is  a  general  description  of  the  appearance  of  a  glacier.    There 
rhich,  by  their  importance  and  Intel 


•  Pwtwfcib,  Geology,  vol.  i,  i>.  1W» 


There  arc  four  kind:-  of  moraines  described  bj  niters,  via.,  htlmrl 
moraine*,  im-iimi  moraines,  Urmim  ims,  and  ground  moraine*. 

J.iifrrul    f*  SN   r.uitinnou.s    Htus   of  curtli  nud   .stories,  arranged 

mi  either  margin  of  tin*  glacier  and  evidently  formed  from  the  mini  of 
i!ir  urnmbling  bUSb  of  the  \m  losing  vaii.->.  Thii  fiTftrfi  doen  not  tail 
from  ovitv  part  ol  the  ralley-sides,  but   generally  only  from  certain 

In,],!,  projecting  cU&S,  It.  ia  converted  into  a  continuous  line  l>v 
the  motion  of  tin  .  just  as  light  materiahl  thrown  constantly 

iatO  I  lire*  at  one  point  would   D]  •  ■  illiniums  lino  on  the 

-i  n-arn. 

tftd i'tl moraines  are  similar  lines  of  dibris,  occupying  the  central 
portions  of  the  giaoier.  Sometime!  there  iabnt  one;  sometimes  two,  or 
more ;  sometimei  the  who]  8  of  the  glaoier  is  almost  r,nnv«i  «  ith 

them.    The  true  explanation  was  first  pointed  out  by  Agassis.    T 
are  formed  by  the  i  nee  of  tie  lateral  moraines  of  tribu- 

curried  down  the  main  trunk  by  '  otion  of  the  Ice- 

cuniiit.     The  accompanying  map  (Fig.  44)  of  the  Her  de  Qlaoe  and 
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i  shown  clearrj  Um  maw  hot  in  which  these  moraines  are 
formed.  Both  lateral  and  medial  moraines  are  generally  situated  on  a 
ridge  of  ice,  sometime*  fifty  to  eighty  feet  high,  evidently  formed  by 

mi  ii  of  the  ice,  in  thifl 
purt,  from  the  ineitiuir  power  of 
the*;-  a  fragments  of  rock 

drought   down  by  glaciers  are 
iae>     One 

The  ground  moraine  is  the  L   J 

tnase  of  dibits  curried   I"  : v. i ■■ ■:. 

A    its  bed.     It  is 

derived    partly  from  erosion  of 

mi  bop  na- 

u-riul  (lateral  and  medial  ma 
"gulfed     and     carried 
the  bottom, 
bing  which  fulls  upon 
dow- 
lyand  ted  downward 

am,  an  i    fl 

tt     it*    Ji. 

urrttcd    matter   is   also 

im-li.il  along  beneath  the  gla- 

etez,  ami   finds  its  way  to  the 

same  point.      In  the.  course  of 

:in  immense  accumulation 

U  farmed,  nf   Bomea bat  i 

ipe,  a*  aeon  in  Fig.  11. 
lamolation  is  called  the  ttmnim  la.    It  is  the  delta 

bu  ii.-rivr.    The  existence  of  moraines  is  a  constant  witness  of 
notion  of  the  • 
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>iu    U.-llcrdaiUlaer. 
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like  rivers,  trodi   the  surface  over  whieh  the\  iny 

the  materials  gathered   in   fcheir  couree  often   to  great  distances,  and 
Baal)  In  all  tii  poets,  however,  the  effecta  of  I 

i  ic. 
Erosion. — When  we  consider   ll  of  jrla iers  and   their  Hil- 

ling nature  a*  compared   with   water,  it  is  easy  to  boo  that   their 
ivt  power  must  be  Tory  great.     This   ia  increaaed  immensely  by 

i-eivahle  size  tarried  along  between  the 
id    iti  bed.      These  partly  fall  in    at  the  sides  and  become 
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jammed  between  the  ghieiernnd  the  confining  rock*,  partly  fall  into 
crevasses  and  work  iln-n-  way  bo  ilic  bad,  ami  partly  in  torn  Erom  the 
rocky  bod  itself.  But  on  Eta  Other  hand,  on  account  of  (heir  Blow  mo- 
linn,  B^aoiar-emlon  la  bj  force  of  pressure,  while  that  oj  rater  fa  by 
force  of  iiiijiiirf.     The  effects  of  glacier-erosiol]  differ  entirely  from 

those  of  Mater:    1.    Water,  bj  >  irt  in-    of  it.-  pel  feet  fluidity. 

the  softer  spotH  r.f  rock,  and   lewesi  the  harder  Standing  ifl  relief;  while 

a  glacier,  like  an  unyielding  rubber,  griudts  1  >< « 1 1 1  hard  and  soft  to  one 
level    Tin.-,  however,  u  no)  bo  absolutely  true  of  it  be 

supposed.    Glaciers,  for  reasons  to  be  diaou  oonforjn  to 

large  and  gentle  inequalities:  of  their  beds,  though  not  to  ■mall  ones, 
acting  thus  like  n  very  stiffly  viscout  body<  Thus  their  beds  are  won 
into  very  remarkable  and  characteristic  smooth  and  rounded  depressions 
mil  elevations  called  nii-lifs  umutoiiueeM  (Fig.  415).    Sometinn 
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I,l— Koelio  Muutiinii^M  of  mi  Ancn-ul  Ulaclcr,  (.'ulomdu  Uftnr  lUj-don). 

and  flcr/i  fm/liiir.s  are  swept  nut  by  a  glacier  ut  some  point    when  tin 

rock  is  aofter  or  whoro  the  6lope  of  the  bed  changes  suddenly  from  i 
greater  to  a  ten  angle.    If  the  glacier  should  rubeequently  retire,  water 
accumulates  in  these  excavations  and  forms  lakelets.     Such  lakelets 
common  in  old  glwiul  beds. 

2.  M'he  Uiui  produced  by  trator-aodbn,  if  deteetible  at  all,  are 

■nore  or  lews  irregular  and  meandering ;  while  those  produced  bj 

glaoiers  are  straight  and  paraJM  (Fig.  •••>). 

Thus,Htnooth,  gently-billowy  siirfn.es,  marked  with  straight,  parallel 
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aamtones,  art  aracteristK  t if  glacial  action.    We  will  call  such 

surfaces  £i  and  the  process  gkmiaiioiu 

3.  T  iiv  of  ordinary  riven  is  entity  yellowish,  the  tnrhidity 

The  on   bi  doe  tu  sediments  dei 
(rem  soil,  end  therefore  oxidised ;  tl  :;  doe  to  gronnd-up  sound 

n 
Transportation.— The  ing  power  of  ghwteu  follow*  n 

.1  ]M>intcd  out.  nndi  t  riven — in  fact,  it  lias  no  relation  at 

all  I  ty.      The  reason  is,  t lint  tin-  slum-    n-.-l-   mi  lln-  surfurn  as  a 

1  ,  no  limit  i"  the  transporting  power. 

Bowlder-  tibio  feel  rriedwhh  the  name  ease  and  the 

Am*-  dnat 

Deposit— Balanced  Stones. — A  water-<-um  tit  carrying  st«m 
and:  ;.re,anJi  them  always  in  thfl 

position*;  hut  gladera  of  to  nt   huge  angular  fragments  of  rock 

is — so  iiiri-1  v  htlanoad,  Bometimea,  that  a 
touch  of  the  hand  will  dislodge  them.     The  reason   i*,  they  uro  set 


/ 
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down  bj  dually  melting  tee  with  inconoeirahle  gentleness.    Thus 

halm  met,  rocking-stones,  el  itntnon  in  glueiul  regions. 

In  using  these  as  a  sign  of  glacial  action,  however,  we  must  reeo 

that  a  bowlder  dropped  by  any  agent,  «ir  even  u  bowlder  «>f  dismtegra- 

i  i inn-  become  a  rocking-stone,  by  slow  but  irregular 

ie  position  of  th«  uonter  of  gravity.    But  an 

!•  positions  are  »ery  characteristic  of  glacial  action. 

Material  of  the  Terminal  Moraine. — The  material  of  the  terminal 

mor.  1.  It  consists  of  fragmrnts  of  every  <-i in- 
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ccirublu  size,  frurn   huge  bowlders  down   to  BlM  earth,  mixed   together 
Into  SO  heterogeneous  ma--- entirely  differ- nt  from  th,.-  n-atly-sorteu 
posits  from  water.    It  is,  therefore,  entirely  umsortad  trntified, 

ami  without  organic  remaiiUi    v.  The  mav  consist*  of  two  partes  viz., 

that  winch  n  'I  on  the  I'  :,;ni.|    lint,  which  was 

hinvil  out  beneath   {ifniH/ttt  Hlin-it'uir).      Tiie  fii'.-l   cimisi-N   of    loose    ma- 
terial i ontuining  angular,  unworn  fragment- ;  tin-  oi  her  of  fine  compact 

material  containing  fragment!  troen  ami  potiahed,  and  Boratehed  vith 
straight,  parallel  Boralehea,  but  in  both  oasoq  entirely  different  bona 

trah  r-irorn  pebbles.     In  all  resp  .is.  therefore,  the  action  of  glaciers  is 
rliar.M  ini  :n  ;uei  i-au  not  be  confoundeil  with  that  of  water. 

Evidences  of  Former  Extension  of  Glaciers.— It  is  by  ovi-i.-n.  <■  .-.f 
ihi<  kind  that  the  former  great  extension  ,.[   glaciers  in   regions  where 

they  bote  exist,  and  As  former 
existence  of  in  regions 

where  1  hey  no 

bean  proved     We  have  already 
stated  that  during  .1  sm 
of  cool,  damp  seasons,  a  gl  ■ 
mar  extend  Ear  beyond  Us  pre- 
rioni  limits,     similar  ahai 
tako  place  also  in  tho  depth  of 

a  glacier.      In   a    Word,   gl 
arc  subject  t . -  llomls  like  rivers;  Only  these  flood*,  instead  of  being  an- 
nual,  are  tteular.      V-w,  as  rivers  after  floods  leave  floating  material 

1 1 Jed  on  the  banks,  showing  the  height  of  the  flood- 
water,  bo,  in   the  deOHBSS.  of  11  glacier,  lines  of  Imwhlers 

are  left  stranded,  often  delicately   bal.-n il,  on  ledges 

high  np  the  sides  of  the  valley,    'rhe.se  lines  of  h«-wl- 
ilera  mark  the  i  mm  ■  height  of  t  ho  glacier.    Bomeef 

lliese  Unci  have  be.  u  found  in  the  Alps  -.'.(Kin  feel  aUcc 
thi'  present  level.  Pig.  4T  in  a  cross 
ralley.  The  dotted  lines  show  the  former  level.  In 
ame  valleys  we  find  old  terminal  moraines  ('Fig. 
4rt,  a')  miles  heyoud  the  present  li'iiit  of  the  glacier. 
The  characteristic  planing,  polishing;,  and  parallel  scor- 
ing, have  been  fniind  equally   far  SOOTS  tin-  pn ■-out  level 

and  beyond  [she  present  limit  of  Alpine  glaciers. 
Glacial  Lakes. — When  a  retreats, 

of   the   river  which  flow*  from  its  point  may  BOOnmnlste 

in  great  rod  Uubu  snooped  out  by  the  glac!.  r,  ox  alsa 

behind   the  old   terminal    moraines.     In  these  two  ways 

often  Ibraui.  ffsSLST 


in.    I.      Si  i  iimii  h  n    •  Okctal  Villej.  «lii»wlng  old 
.1  ainnliwa. 
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Motion  r,f  (Hinders  and  itx  Imw*. 

Evidences  of  Motion.— That  glaciers  move  slowly  down  their  valleys 
was  long  known  tn  Alpine  hunters.    Kn-le  experiment-'  of  the  Bntnkn' 
>  ' i i  mi -■  ;  !  ii,-  popular  notion.     Hugi  in  1887  built  n  but 
hi  (he  A. ir  glacier.    This  but  wu  visited  fron  ,  year  by 

•  I  position  i .  In  1841 

hat  it  had  moved  1,498  metro  in  fourteen  years,  or  about  100 
1  bet)  per  annum.     Tin-  ruins  of  Agsashrii  hut  (Hotel 
•  I.  I)«ilt  in  1840,  wan  (bund  in  1884    The;  bad  moved  in 
*     Numcroii- ..iliorobeerralions  from  year  lo 
f  by  Agassis  and  others,  on  the  position  of  oonspionotu  bowlders  lv- 
on  the  surfaeeof  gladei  rmed  these  results  and  placed  the  fact 

and  doubt.    But  the  most  important  ohservati 
h  the  ■»<■  and  the  fcnw  of  ghtcier-motlon  ware  made 
in  i  ■  :i  the  Aar  glacier,  and  Prof.  Eforba  on  the 

By  these  expoi  I  arefully  made  by  driving  its 

.  In  s  straight  row  from  one  side  to  the  other,  and  ob- 

:  the  change  in  the  r<  luthe  posiii if  the  stakes,  it   was  deter- 

the  center  of  the  glacier  moved  taster  than  the  margins. 

lion  i-  the  capital  discover)  in  relation  t«.>  the  mo- 

claimed  bj  both    ij  l:   li.nl. 

■  i  trionalj  distinctly  stated.  thnui?li  nut  ppm-il,  by  Bishop 

L&WS  of  Glacier -Motion.— The  term   differential  motion  is  a 

>  ssion  for  all  the  laws  of  glacier-motion,    it  asserts  that 
of  a  glacier  do  nol  move  together  as  aaoUd\bni 
of  «  fluid.    A  glacier  mi 
I  fluid,  ■  "tiff,  vitcoua  fluid;  its  motion  may  than 

rightly  Bailed  vucuid.     We  will  mention  some 
important  laws  <•!  ihiil    motion,  ami 
conform  to  \l 

'j7.<  M  tjrmlir 

tit  Margins. — This  well-known  law 

the   result  of   friction  <>f   the   fluid 

ie  containing  banks,  was  <  omplcl 

in  the  ease  of  glaciers  by  thi  tnenta  of  Agus- 

■-■,  and  reci  ufirmrd  in  the  must 

TyndalL      A  line  "f  stakes, 

*  »  <■  In   raw  across  a  gln- 

ry  day  more  and  mo  I,  ils  seen  in  Fig.  •*!>■ 

The  i  for  each  .-t.ikf  ie  easily  measured  by  the 
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theodolite.    The  rata  of  1 1 » i *  center  n  often  many  times  greater  than 
that  of  Tin-  margins. 

■•J.  7'/«p  Velocity  of  the  8m  than  .that  of  Iht  Bottom, 

—This  law  of  mm-mits  Mlii.-h  in  tin-  tOO&UXJ  remit  of  friction  on  the 
bed,  i-  more  difficult  to  prove  in  the  one  erf  glacier*,  a  Le  dif- 

ficult iu  get  :i  rertteal  seotdoDi    Tin-  necessary  oheervation  via,  how- 
ally  accomplished  by  Prof.  Tyndall  in  1887.     Wfl  Is 
■heady  said  (page  56)  that  glaoieii  aonform  to  large  hut  nut  u>  small 
tneqnalitleB  "f  their  channels:  a  glacier,  then  fur:-,  pairing  by  a  narroi 

hiilf-mvino  will  expose  its  whole 
thieknaN  on  the  aide.    Pret  'I'm. 

il;ill,  ha\  ing  found   mk-Ii   ii  side  i-x- 

curc  more  khan  WO  reel  vortical, 
placed  ' i  ■■  ■  in  a  rortic  d  tine, 

one  near  the  tap,  one  near  the  mid- 
i  Hi-  and  one  al  ilie  bottom  i  I'i 
a  fi  <•).     The  vertical  line  became 
mere  and  mon  tin  Hned  daily.    The  dailj  motion  at  top  was  si 
in  iiio  middle  4*5  inches,  and  at  the  bottom  'i'>  inches.     Tim-. 
llki  rivers,  slide  on  thoii  bade  and  banks,  producing  erosion  ;  but,  also, 
evend  layers,  both  horizontal  rod  rertioal,  slide  on  eaoh  other. 

3.  Thf  Velocity  xnoroatn  with  the  fllop&i — Rg.  61  repreteni 
Kiirfiiei  .- 1 . •  i » ■  -  el  i  he  glacier  Du  Giant,  0  :  the  itfsr  <!<•  Qlaoo,   M  :  and 

the  glacier  Dt  Bod,  Bj  end  kheh  daifj  notion.    The  in  I  ve- 

luciiy  wiiii  the   lope  ii  evident 

4.  The  Velocity  tnorotuot  with  ih,  Fluidity.'— 'The  daily  motion  of 
glecien  i-  greater  In  rammer,  when  the  ice  i»  rapidlj  melting]  than  in 
winter;  and  En  mid-day  than  it  night 


O     O 
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5.  The  VeUoUy  inoreeut  with  the  Depth— In  the  .\  e  the 

thiokaeea  la  'io\)  to  300  feet,  the  mem  daily  motion  is  one  to  :| 

feel ;  but  in  Greenland,  where  the  thickness  is  vj.iuii)  i..  3/miO  feet.  1 1«<- 
il.nlv  mniiuii.  iii  spifee  0-f  the  much  lower  temperature,  i.s  in  some  I 

00  Boat  *  ore/ran  W  feet)    Til  Unix  glaoier  in  Alaska  moves  70  feei 

1  il:iv  |  Wright). 

Fluid  Current*  conform  to  the  Irregularities  of  tfa  aai— 

like  watea  ate,  conform  to  the  inequalities  of  the  botfc 


•  lkllnml,  JoQIM]  Of  Qtofogleal  Bod*(] 

ikv,  vol.  ii,  p,  U9,  1986, 


xxxiii,  p.  143  ft  t*q. 


VB0081CT   THEORY   OF   KoHBKS. 


61 


.-■•'    / 


>' 


Hide*  of  their  channels     They  luiv.-  tallows  end  tludr  di-.-]*, 

i   narrows  and  their  lakes,  their  Qesoadee,  their  rapids,  and  their 

■>m.     I-'ig.  (ft  shows  a  j.'lun.T 

through    :i    narrou-    gOIgB     UDtO  B 

•  f  iee,  and  again  through  another 

gorge    Tl  rvevar, 

BO  a  glacier  find  :i  wat.  t,  viz., 

that,    while    the    Utter 

"'iiforms     to    even     tin- 

outliiif.-,  the  former  00n< 
forms  only  to  the  larger 
or  m  in  tl 

a  glacier  acta  like  a  stiff, 
mi  fluid. 

'.    'iiir    Lini-  of'  Siri/I<sl  Mai iu<t    is   wurr  siriKoitx 
thai.  UV  have  already  seen  that  tlii.-.  1.- 

true  of  rivers  (page  '.'  1 1.     The  line  Of  iwtftest  .-urn-nr 
Seated  fmm  tide  to  ride,  increasing  the  curves  by 
■II.    The  same  hi  I  by  Tyn- 

dell  to  be  the  ease  with  glaciers.  Pig.  '>3  represent  - 
a  portion  of  a  sinuous  glacier,  like  tin-  Mi  i  de  Glace: 
the  dotted  line  rCprtt  nts  the  line  of  RWtftoel   mutton. 


Theories  tfGtacitr  Motion. 

There  ere  few  subjects  connected   with  the  physics  nf  the  earth 

more  Intereet  than,  that  oi  giaeJer-ittOtion.    The 

:.]■  of  exceeding  beanty,  and   not   withonl  geological  im* 

Passing  over  several  n  i  nun  theoriei   ■  I 

now  been  abandoned,  the  ry  which  tu conceived  in  the  true 

and  which  explains  the  differential  motion,  is  that  of 

I'n-f.  .lames  Forbes. 

Vi*GOaittf  Theory  of  / 

Statement  of  the  Theory. — According  to  Forbes,  ico,  though  appaiv 

i  so  hard  anil  soliii,  is  really,  to  a  slight  extent. a  viscous  body.     In 

nail  masses  tin-  property  il  not  noticeable,  but  in  large  mn 

under  long-oontinned  pressure  it  slowly  yields, and  will  Bow  like  astifflj 

viscous  fluid.     In  large  masses  like  a  glacier,  this  stoutly,  powerful  press* 

furniahel  bj  the  immense  weight  of  the  superincumbent  ice> 

Argument — It  la  evident  that  this  theory  compli  i-  ly  accounts  for 

all  the  phenomena  of  glacier-motion,  eren  in  their  minutest  details. 

nnl  all  doubt,  moTee  like  a  viscous  boil  v.  Im:  m  is  still  a 

.cation  whether  it  does  so  by  virtue  of  a  property  of  viscosity.    The 
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proposition  thai  ice  is  a  viscous  mbtteum  noma  at  first  palpably  ab- 
surd,    h  it  DoeeBsary,  therefore,  to  show  that  this  proposition  is  not  so 
■  I  M  it  -'■■■■ 

Tin1  properties  of  sols  d  liquidity,  though  peri  tinet 

and  even  incompatible  in  our  minda,  nevertheless,  in  Nefcui  into 

ana  mother  La  tba  most  bnperceptibU  manni  r.  Mall£aiUHy,plaUu  ifa 
and  viscosity,  an  Intermediate  u-rms  of  a  oonnaoting  teriaa  The  idai 
which  underlies  all  these  expressions  is  that  of  capacity  m  vf 

wjtteuUt  among  fAemesfvei  vniAout  ruptwt  .  the  difference  am 
than  being  the  greater  or  lest  resistanoe  to  that  motion,    in  tha 
of  malleable  bodies,  like  the  metals,  great  force  is  required  to  proi 
motion;  In  plastic  bodies,  like  wax  ot  olsy,  lass  force  is  required;  in 
ias,  like  stitl  tar,  motion  takes  pla.v    i-'ntaaeonalj  bnl 
slowly;  while  in  liquids  it  taken  plane  freelysnd  with  little  or  no  n- 
ance.    In  all  these  oases,  if  the  pranwie  be  raffloient,  tha  body  will 
change  its  Cora  r  ithont  raptare — in  other  words,  will  flow.    Now,  bj 

in< -rearing    th<-    n..-:    wo    may    inm-as.'    tln<    jm  i'  any  e.\tetil. 

Therefore,  nil  malleable,  ductile,  plastic,  or  viscous  bodies,  if  In  snffl- 
oienily  la  as,  will  flow  like  water.    Thus,  :i  men  of  lead,  anffi- 

oiexttlj  thick,  mold  ceTtatol]!  flow  under  the  praarareof  its  own  weight. 

Hut  solid  linilii'-  iiniy  lie  ilividi'd  into  two  great  classes,  viz.,  bmiii's 
!i    :in»   i ii :i  1  li -:il •!•  ■,  jihisti'-,  or  \  iscous,  anil    liodiai  which  an-  hrlt!h  ; 

the  rerj  idea  af  brittlenesa  being  that  of  total  incapacity  of  motion 
among  the  partiolei  unbent  rupture.  Now,  ioe  ball  up  to  the  class  of 
brittle  bodies.  Forbes  attempts  to  remove  this  difficulty  by 
that  ninny  apparently  brittle  bodies  will  also  flow  uinli-r  their  own 
iraight;  for  instance,  pitch*  BO  hard  and  brittle  that  it  flics  to  pieces 
under  ■  blow  of  the  hammer,  will,  if  the  containing  bai  w  I  be  removed, 
low  ami  spread  itself  in  every,  direction.  So,  also,  molaases«osndy, 
made  quite  bard  sad  brittle,  will  stall  Bow  bj  Btandiag  A  remarkable 
pitch-lake,  sbool  thrae  miles  In  rircnmferenoe,  ooonn  in  Trinidad 

The  jiitch  Is  i  ascribed  BJ  In   Constant,  slow-bniling  motion,  coming  up 

in  tha  center,  Bowing  over  to  tin'  oireomference,  and  again  sinking 

down*     Yet  tin-  pitch,  in  small  masses,  would  be  called  solid  and 

tie.    Struck  with  a  hammer,  it  flit-*  to  pieces  like  glass.    In  fact, 

tin;  essential  peculiarity  of  ■  stiff,  viseoni  body,  in  which  it  differs 

from  malleable  or  phistii:  boil  ins,  is,  that  it  yields  onlg  to  tlowlg  •ri>t>/inf 

Porbes,  therefore,  tbii  glLii-iiT-ii-o  i-  un  exceedingly  -till,  via 

snhatanoe,  which, though  apparently  brittle  in  small  quantities  and 
to  sadden  force,  yet,  onder  the  slow-aetuig  but  powerful  pressure  of 
its  own  weight,  Bows  down  the  slope  of  its  bod  through 

narrows  and  spreading  out  Into  lakes,  conforming  to  all  the  larger  ami 
gentU-r  inequalities  of  bad  end  banks,  hut  not  to  the  sharper  ones. 
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The  velocity  of  motion  is  small  in  the  same  proportion  as  tho  viscous 
mass  is  stiff.    The  dement  of  the  Her  de  Glace  from  the  cascade  of  the 

(•lacier  du  (Jesuit  to  the  point  of  (ilneicrdc  Bc-is,  n  disuinvf  t«'ii  miles, 

is  4,000  feet.    Wat-i.  mi. I  sees, would  rufa  with  D 

ful  velod         Che  glacier  moves  bal  two  Beet  in  twenty-foar  hours. 

i  riaaoertyoi  ice  as  supposed  by  Fu   »        tow  proved  bj  ax- 
i  tppoited  at  the  two  ends  bead  into  en  ire 

i--r  their  own  weight.    Cylinders  oi  poow  ooanpaoted  into  lee 
be  bent  in  the  hand  to  a  semicircle  without  nrptare,*  end  bare  of  lee 
•■von  be  stretched  by  slow  pulling,  f 

■■Miott  T/uort,  of  TijndaU. 

If  ice  Ik-  indeed  a  viscotu  body,  then  then  seems  no  reason  why  it 
iild  to  pressure  even  in  -onall  mosses,  if  the  pressure  !*■ 
lowly  graduated.     In  tl>«-  h;uids  of  a  skillful  experimo 
H  -iii.    Prof.  Tyndall  tried  Um  b*- 

M asses  of  ice  of   various    forms  were  subjected    to  slowly- 

graduated,  bydrc  enure.    Iu  every  c  rrj  grad 

uahxl  the  pressure,  the  ice  broke;  bol  if  the  broken  fragments  vera 
pressed  togetli-  .  :!i  .  into  new  forma.     In  thfa  manner,  io 

Prof.  Tyndall  proved  ■  piaatSa  ai  olay:  spheres  of  tea 
Fig.  r.4)  were  flattened  into  lenses  (?>),  beaiaphei      |   )  were  ohauged 


1<=>W 


mjw 


Cl3> 


fin.  St  —  i  H  C  mold*;  no,  original  form-  of  the  Ice;  6  <//  I  In-  form*  into  which  llicy 

»W  Ulol'l 

i.aud  bars  (e)  into  Bemi-ringa  (/)■     He  aven  aasorts  thai 

oldod  into  any  deeirable  form;  c\  g.,  into  vase?,  ■tatoettea, 

rings,  coils,  k  lien,  we  have  a  power  of  being  melded 

rach  as  was  not  dreamed  <>f  before;  bnt  this  power  was  not  depend* 

■<n  a  property  of  viscosity,  bnt  upon  auother  propart*  long  kno 

liv  Faraday,  viz.,  the  property  od 


*  Aitkin,  American  Journal  >>(  Science,  rol.  v,  p.  SO.'.,  third  «*ri«.  I H", t. 

neta  Juornftl  of  Sen-no;,  rol.  voir,  p.  H9,  ISST;  oiiU  N»lure,  *ol.  xxxix,  p. 


64 


\<i;t.oi:s  agencies. 


Regelation.— If  two  daba  of  ice  be  laid  one  atop  of  the  oilier,  they 
•  id  mam.    This  will  take  place  not  onljinoold 

Feather,  bat  in  midsummer,  or  even  if  boiling  water  be  thrown  Oftt 
the  slabs.     If  a  mass  of  ice  be  broken  to  pieces,  ami  -   Im- 

pressed or  even  hroutflit  in  contact  with  one  another,  they  will  quickly 

unite  into  a  solid  ma-.-.    Snow  pressed  in  the  warm  ■ 

slantly  melliiio;,  gradually  becomes  compacted  into  Solid  iee.     'I 

remarkable  but  imperfectly  ooderttood  property  of  ioe  completelj 
plains  tin-  j'lu-iM  •iiu-iiii  of  molding  ice  by  experimenti  Bj  this  prop 
the  in-.ii.rii  fragments  reunite  in  a  wh  Emm  m  volid  us  before,    Wa 

may  possibly  call  tlii.s  property  of  molding  utnler  pressure  pltuti 
(although  it,  it--  not  true  plasticity,  since  it  does  not   mold  without   nipt- 

nr-.  1  ■  u t  \.\  ruptun  and ngriot ion);  butltoannol  [nanyaanaeiie '-ailed 
piMeosity,  for  tin-  1  rin-  definition  <>f  viscosity  is  the  properl  '"-.7 

under  tension— the  property  of  BtretdUag  like  molaaaea-oandy,  ox 

melted  glass;  but  ioo  in  the  i-vpt-i  imonte,  according  to  Tyndall,  did  not 
yield  in  the  slight*  •  to   tension.     In  the  experiment,  if.  instead 

of  placing  the  §traight  bar  at  once  into  r In-  carved  mold,  it  bad 
liren  planed  raeoeaavely  in  a  thousand  molds,  with  u'lailually-increaeed 
curvature,  or,  still  better,  if  placed  in  a  straight  mold,  and  this  mold, 
while  uwlvr  pressure,  curved  slowly,  then  them  would  have  been  no 
sodden  risible  ruptures,  bntan  infinite  number  of  small   ruptures  and 

regelati©]  .  ■  on  all  the  time.     7%  /-•  would  Imn-  behoved 

ttflil  \"w,  tliiuisprcciselv  v»-lial  taken  place  in  aglueior. 

Application  to  Glaciers. — A  glacier,  on  aooo unl  of  in  imnx 
is,  in  Hi  fow*f  ports,  under  the  heavy  pressure  of  its  own  weaj 
tending  to  moid  it  to  the  inequalities  of  its  own  bed, and  in  every  pari 
under  a  still  more  powerful   prepare — a  pressure  proportioned  to  the 
height  of  the  head  of  the  glamor— nrging  it  down  the  ilope  of  its  bed. 
r  the  influence  of  this  pressure  tin-  ma;-.-.  \t  continually  yielding  bj 


v 


s>°  is* 
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baotare  <if  all  sizes,  but,  after  -  the  position  of  its  parts,  again 

Baiting  by  regelation.  Hv  this  constant  process  of  mtsttinii,  vhumji  rif 
form,  and  reunion,  toe  git  area  like  u  plastic  or  <■ 

though  of  true  plasticity  or  true  vlseo  -m  v  there  is,  according  to  Tyii- 
dall.  Dons,  In  fact,  we  have  in  the  phenomena  of  glaciers  the  most 
delicate  teal  of  ->  oneetvable;  but  wc  tind  the  glaciers  will  net, 

■laud  the  beat  Por  instance,  the  slope  of  the  Met  de  Glace  at  one 
point  changes  bom  4°  to  9*S6'*(Plg.66),and  jet  the  glacier, although 
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iro  feet  n  day,  can  not  make  this  Blight  bond  without  rapt- 
or©; for  at  ti  I  then  are  always  large  transverse  fissures  which 
heal  up  below  by  pressure  ami  regelation    in  another  plaet    thi  gla- 
imilarly  broken  bj  passing  an  angle  produced  by  a  change  of 

;  -   alin«'it    irii]  K  iv  having  t  In- 

hteetvise  mid  be  fractured  iiihI.t  ihc-i  I'm 

dall  ooo  on,  thai  the  motion  <>f  giantess  is  viacoid,  but 

i  mid  motion  In  ing  tin   result,  not  of  the 

bill  i'f  fneture*  change  ad  position, and  regala- 
tios 

Comparison  of  the  Two  Theories.—  Forbes1*  theory  supposes  motion 

hi 'poses 

>u  BffiOI  "    rvphtTV,  rhuiiiji  nilii 

ngdation.  The  undoubted  viecoid  motion  is  eqnallj  explained  bj 
. .  bj  tin  i  property  of  ;  by  the  other]  by  a  prop- 

el rty«hiti->,<      There  eas  be  little  doubt  that  both  views  are  h 

and  that  both  properties  are  coin  ir  i  in  I  in  glacial  motion* 

llrcatt  Thtorto, 

Croll's  Theory.— Croll  has  Recently,  in  bis  work  m  climate  and 
ought  forward  a  theory  which  has  attracted  much,  attention. 

iiad  previously  altcmpu-il   bo  prove  the  mttanahlaneas  of  all 
■  ng  the  motion  of  glaciers  to  gravity,  by  showing  ex. 
I'v  thai    the  shearing  fores  -i  fa    (the  force  nonosseiy  to 
Jo  on  Oil  another,  as  in   differential   motion)  is  many  times 

ban  thai  of  gravity  which  acts  in  the  direction  of  the 

i.     ("roll,  accepting  .Moaelcy's  view  in  regard  to 
,  but  accepting  also  gravity  as  the  moving 
iera,  thinks  bo  reconcile  those  bj  supposing  that  there  is  in 
ice,  when  subjected  to  heat,  u  momentary  loss  of  cohesion  by  melting, 
whi'  .isfrrred  from  moiacuh  to  pving  rise  thereby  to 

a  kind  of  intestine  molecular  motion  similar  in  its  effects  to  visoo 
The  process  is  as  foll«»ws:  Seal  Calling  on  glaeicr-ios  melts  its  sur- 
face.      Tlie    water    thus    formed    HUM    down   to  a    lower    level,  ami    Is 

again  n? frown.     Now,  what  takes  place  amtpia uify  on  the  snrj 

Utkcs  pi.'  rior  of  the  ice.     In  every  part  i be 

ice-r  i  Iting  and  rcfi  akei  np 

iir  malting,  runs  down  to  an  Lnfinitceimallv  tower  point,  rafnwsas.  ami 

doing  gives  up  its  heat  and  m  ther  molecule*  which  bo  it« 

lower  position,  and,  by  xeireezing,  1  Its  beat  and 

ui  to  i-till  another  molecule,  and  n  on.    Tims  the  whole  glaoii 

alar  movement  downwi 
The  ious,  but  somewhat  obscure,     VTe  will,  i 

rks:  1.  Moaoloy'a  objection  to  gravity  as 
I 
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the  moving  force  of  glaciers  is  invalidated  by  the  fact  that  he  docs 
not  take  sufficiently  into  loooonl  the  eflbof  of  time  and  alowty-app 
pressurr  in  determining  shearing;  and  in  stiffly  OUCOtU  substu. 
time  ia  ihi  amtrttling  staMUl.    2.  I'ntil  wc  understand  baiter  than 

we    now   do  the  actual  behavior   of  ice-molecules  in  glacial    motion. 
C  roll's  theory  must   lie   regarded  only  as  a  modification  ( [though,  DO 

ii;i|is  mi  important  modifioaifoii)  of  Porbes^i  for  it  eappoaes  a 
),;■/>  inr  different^  ,i  motion  determined  by  gravity,  and  into  which  both 

heat  and  tune  cuter  as  elements.    It  id  an  attempted  physical  eiplunu- 
titin  <if  llif  r  isms  if;/  uj  in: 

Thomson's  Theory. — Some  time  ago  James  Thomson  brought  for- 
ward a  theory  which  deserves  far  more  attention  than  it  hfl|  y.t.  re- 
ii'ivi-il.     Thomson  shows  that  the  fnsing-point  of  ice  is  hurt-mi,  and, 

..-fon-.  Uttt  ice  at  or  near  ii.s  fusing- i»«»i nt.  (as  is  the  fact  in  gUl 
is  promptly  autttd  by  pressure.     Now,  it   is  obvious  that,  in  the  dif- 
ferential motion  of  glaciers,  whatever  point  at  any  moment 
1  In  greatest  stress  of  pressure  must  melt  and  giro  way,  and,  the  struts 
bang  relieved,  it  must  immediately  again    ttfNOM.      UOAItttme,  by 
change  of  relative  position  of  parts,  the  stress  is  transferred  to  -mo. 
other  point,  wbiofa   in  its  turn  melts,  gives  way,  is  refrozen,  ami  trans- 
fers its  stress  to  still  another  point,  and  soon.     If  wo  compare  lin.-- 
theory  wi tli  Tytalall's,  m   hoth  eases  the   iOQ  gives  way  at  the   point  of 
greatest  stress — in  the  one  case  stress  of  tension,  in  the  other  of  n 
[ire      m  (he  one.  COM  by  f'rtirftur,  in  the  other  by  lUff/imy.      I  >itT>- r.-isi  m  I 
re,  in  the  one  case  is  by  fracture,  cfumffi  •</  VOiiftOR, 
i  i-fi/n/ufioii  ;   in   the  Other  by  uirltniy,  lining*  of  position,  and  ■ 
hit  ion. 

Si  nurture  of  Glaciers. 

There  are  two  point-  connected  with  the  structure  of  glaciers  which 

require  notice,  vi/...  the  veined  ttrudure  and  thejAMttret. 

Veined  Structure. — The  ioe  of  glaciers  is  not  homogeneous,  bnl  con- 
sists of  1  ill .ir  ii  r  (white  because  vesicular  1.  handed,  often 
beautifully,  with  solid  tmnapsranl  blue  la   (transparent  bhn 

solid),  the  liniiditig  sometimes   so  delicate  that  |  hand-specimen  looks 

like  striped  agate.     These  blw  veins  are  not  com  union.-,  planes,  bnl 

irently  very  /////  h'li/iriilaf  in  shape,  varying  in  thiekneaa  from  a 

line  to  several  inches  and  in  length   from  a   few  inches  to  -several  feat 
Their  direct i  parallel  to  one  another,  they  give  a  stratified  or 

cleavage  Btruotun   to  the  glacier,  and,  in  melting,  the  glacier  often 
its  or  cleaves  alone  these  planes.     According  to  Prof.  Forbes,  looi 
ing  upon  the  glacier  as  a  whole,  we  may  regard  the  strata  as  taking 

form  represented  b>  the  subjoined  figure*     In  a  section  parall 
tho  surface  (Fig.  '<>'•,  <r),  the  strati  outcrop  in  the  form  of  loops.    A 
BrOBS  seof ion   (Kg.  •><':  h)  shows  them  lying  in   troughs,  and  a  longi- 
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tndinal  vertical  section  (  Fig.  oti,  r)  shows  the  manner  in  which   I 

.'.  5?  is  an  ideal  glacier  cut  in  several  <lir  ud  combining 
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in  on  hree  sections  given  above.     It  is  generally  impossible 

t'i  tmoe  the  veins  around  from  Bidfl  t"  sidl       .Sometimes  they  are  most 
Margins,  and  then  are  called  marginal  veins  J   some- 
time* at  :  oop — /raw  .sometime-  fcributs 
ruti:                          .  ns  in   the  flgnr«  (Fig.  Tit) — the  interior  branches  of 
the  two  loops  coalesce,  and  ure  flattcmxl  against  one  another,  und  form 

Fissures. — These  are  also  marginal,  (raii/trrrxr,  and  Unujilutiiiml. 
The  marginal  fissure*  are  shown  in  Kg.  43;  they  are  always  at  right 
anglre  to  the  marginal  reins. 

Theories  of  Strut  I  ure. 

»;      There  can  be  no  doubt  that  the  great  fissures  or  crevasses 
I  Hsion  or  Atrttrhtwj,  ami  thai  their  direction  is  al 
at  right  angles  to  the  lino  of  grv;n  on.     Thus  thi 

fissures  are  produced  by  the  stretching  of  the  glacier  in  passing  over  a 
salient  angle.      T!  tool  fissure  I   by  the- drugging  or 

pulling  of  th  I  tral  portions  ujton  the  slower  marginal  por- 

tion*.   It  lias  Wn  proved  bj  Hopkins,  the  English  physicist  and  geoh> 
gist,  tha-  greatest  tension  from  this  cause  w>uld  be  inclined 

45",  with  the  count?  of  the  glacier  as  shown  by  tho  arrows  (Fig 
Tli?  fissures  should  be  at  right  angles  to  these  lines,  and.  therefore,  also 
i  ,•>{  -I.*-  with  tho  margin,  and   running  upward  and  inward.     The 
longitudinal   thunres  are  best  seen  where  a  glacier  runs  through  a  nar- 
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row  gorge  out  on  an  open  plain.  The  Ixhral  spreading  of  the  glueior 
i  aitM>9  jt  to  crack  longitudinally  (Fig.  5'.)).  Fig.  00  is  a  longitudinal 
vert i i-iil  section  of  the  same. 

Veined  Structure. — Tyndall  baa  shown  conclusively  that,  veins  are 
always  at  right  angles  to  the  line  of  greatest  pressure,  aud  thai 

fore,  (hay  arc  produced  by  prt*8- 
■nrr.      That    GsKiraa  and   veins, 
being    prodaced     bv    opposite 
causes. — one  by  tension  and 
oilier  iiv  pressure — nre  formed 
onto  opposite  conditions.     As  / 
transverse  fissures  are  prod 
by  the  longitudinal  Btretohing 
of  a  glacier  passing  over  a  .«../- 
Unit  angle,  so  tnm  ,  > 
riB.eo.  arc  formed  by  the  longitudinal 

compression  of  a  guoloi   passing 
OTOT  a  rr-tiiirrhnj  angle.     Fig.  fiO  is  a  section  of  the  Rhone  gl. 
(Fig.  w  ing  ihe  crevasses  (c  cc)  produced  by  the  steep  deotrrfty, 

and  tin    pained  structure  (set)  produced  by  the  compression  conse- 
quent upon  the  change  of  angle  on  win  ing  out  on  iho  plain.     The 
relation  of  emraam  and 
vein-structure  is  still  bet- 


ter shown  in  the  ideal  Sec- 
tion (Fig.  (11). 

y  Again,  as  marginal  fia- 

sures  are  produced  ie 
pulling  of  the.  central  por- 
ti'Mirt  upon  the  lunging 
margins  Mihul,  so  the 
marginal  veins  are  produced  by  the  crowding  or  pushing  of  the  swifter 
oentral  part;;  on  Uifl  slower  marginal  part*  in  front  (Fig.  02).  The 
marginal  vein*  are,  therefore,  iuclined  to  the  margin  about  45°,  but 
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pointing  inward  anil  ',  and,  therefore,  at  right  l  tlio 

m&    The  relation  of  these  bo  one  another  is  shown  in  EFig.  68. 
ally,  iw  longitudinal  fissures  are  produced  bj  lateral  spreading 

I),  SO  longitudinal  veins  arc  pnidintd  l>v  lateral  '■ninpre.--.ioii. 
This  is  best  seen  when-  two  tributaries  meet  ut  a  high  angle  (Fig.  04) — 
for  instance,  where  the  Glacier  ilu  Geant  and  the  GHacier  de  Leohaud 
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form  the  Hex  de  44).     All  these  facts  have  been  experi- 

ment I  by  TyndaH. 

PhygicsJ  Theory  of  Veins.— There  ii  little  donbt  thai  wins  are 

formed   by  pressure  at  right  angle*  to  the  direction  of  thereto*]  bnt 

Ainp  presmre  produces  this  structure  ia  tery  imperfectly  understood. 

Probably  at  least  a  partial  eXpltllAtfoa  is  contained  in  the  foHowi&g 

propositions  :  I.  White  vesicular  ice  h\  \u  iwerfoj  pressure  is  eruahed,  Pie 

air  escapes,  and  the  Ice  is  refroaen  into  solid  bine  transparent  ion.    8. 

og  a  substance  which  -  La  freezing,  and,  therefore,  con- 

trteta  in  melting,  its  freezing  ami  melting  point  I  '  by  prm 

ee  at  or  near  32°  Fahr.  is  melted  by  pressure.     Now, 

glacier  is  under  powerful  pressure  of  ii-  own  weight,  and  the  stress  of 

lliis  pressure  is  <•  mging  from  point  to  point   by  the  changing 

.f  the  particles  pro  itioa.    Thna  the  glaeier  in 

places  i*  ever  melting  under  pressure,  end  again  rafreezing  by  relief  of 

The  melting  discharges  the  nir-hubbles,  and,  in  Nfreesing, 

3.  No  substance  Is  perfectly  bomogaoeoaa,  and  of 

equal  strength  in  all  puts;  therefore,  this  crushing  and  mulling,  and 

con."  ^n  version  of  while  into  blue  ice,  take  place  irregularly  in 

ice  of  a  glacier  acts  like  a  viscous  substance,  the  final 

v.miiii  be  bo  Ratten  the  e  spots,  both  white  and  blue, 

in  the  di'  .'  greatest  pre  d  ex/enoT  them  In  a  direction  at 

il  angles  to  the  pressure,  and  thus  create  bandc  in  this)  direction.    5. 

Differential  motion  would  also  tend  to  bring  the  veins  into  the  direction 

i  by  Forbes. 
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Floating  Ice — Ivthergs. 

We  have  already  seen  (page  50)  that  at  a  certain  latitude,  varying 
from  i»i°  in  South  Amerton  to  about  85*  En  Norway,  glaciers  to  ieb  I  tra 
Mirf.nc  <>f  tin-  ocean  Hi  Muni  this  Latitude,  they  ran  out  to  sea  often  to 
great  distances.    By  the  buoyant  Dover  of  water,  assisted  by  tides  and 

waves,  those  projecting  n.»»t i ni*  masses  arc  hrokeii  nil,  and  accumulate 
im-iise  ice-barriers  in  polar  seas,  or  are  drifted  away  by  current* 
toward  the  equator.    Such  floating  fragments  of  glaciers  are  oaDod 
bergs.    Fig.  65  is  an  ideal  section,  through  a  glacial  valley,  in  which 
ay  is  tho  glacier,  b  the  eliiTs  iicj i,  I  /the  tea-level,  and  i  an  iceberg. 


im 


Tia.  IB.— Form»tlnn  of  Ic-cbmp. 

The  principal  source  of  1 1  i •  -  Icebergs  of  the  north  Atlantic  ii  thr 
coast  of  Greenland  This  ooontry  is  an  elevated  table-land,  sloping 
in  every  direotion  to  a  ooaal  deeply  indented  like  Norway,  with  alter- 

Date  ■  1 1 ■•  - 1 1  linnl.-  ami  jutting  headlands.     The  wlmle.  table-land  is  com- 

pletaly  covered  with  an  iat-tkeat,  probably  several  thousand  feet  thick, 
in,.',  ing  dowlj  seaward,  and  discharging  I  arongl  the  ttorda  u  UnnuoM 

glaciers,*  which,  as  already  explained,  form  Icebergs.  In  this  remarka- 
ble country  no  water  falls  from  the  atmosphere  except  in  the  form  of 
snow,  and  nil  the  rivers  are  glaciers.  The  geological  effects  of  mob  a 
moving  ice->hcet   may  be  easily   imagined.     The  whole  surface  of  the 

ooontry  rock  must  be  poUehed  and  scored*  the  general  direction  of  the 
striae  being  parallel  <ww  large,  are"-*. 

The  uutaretie  continent  is  probably  similarly, and  even  more  thick- 
ly. Ioe*eheetedffor  the  humid  atmosphere  nf  that  region  is  very  favorable 

lo  t lie  accumulation  of  snow  utid  iee.    Captain  Wilkes  found  an  imp 

hie  ice- barrier,  in  many  places  l.»u  to  WO  feet  high,  for  1,200  miles 
along  that  coast.  From  this  ire  harrier.  ioebergS  separate  and  are  drifted 
toward  the  equator. 


•  Dr.  Rink,  Archive*  de«  Scienc«,  rot  ixrli,  p.  155. 
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The  formation  of  icebergs  in  polar  regions,  and  their  drifting  into 
wanner  latitudes,  tt>  he  melted  there,  arc  evidently  a  necessary  conso- 
qaenr ..  ,A  'lit-  great  late  of  circuluiio/i,  for  otherwise  ioe  would  acci 

wit  limit  limit  in  these  regions.      Jiut,  by  ghu  i;il  motion,  the  excess 
IWD  bo  the  sea,  broken  off  as  icebergs,  carried  southward 
■■nrrents,  and  there  melted  and  returned  into  Uiu  general  eireul. 

General  Description. — The  number  of  icebergs  Mxnraralftted  about 
polar  coasts  is  almost   inconceivable.     Boomaty  oonntad  500  at  one 
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FM.M 

I  380  of  the  first  magi  one  riaw,    They 

often  200  :md  sometimaa  even  400  feet  hi^h.  mid  the  masa  above 

i. i  cobio  yards  (Dr.   Rink).      A-  ific.  gra\: 

is  0*918,  if  these  were  solid  ioe,  there  would  he  but  one  tv> 
re  watar;  bat  u  gtacdar-i  meirhal  renovJar,  than  i*  ■bon.1 

nth  above  watar.    The  ihiekntu  of  some  of  these  inherg* 
0  fret,  mid  i  heir  -oluiiif  near  500 
h  u  aboi  dim  mflfl  square  and 
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MO  feet  thick.  I  nili-r  the  influence  of  the  melting  power  of  the  BOH  un- 
'■'|iuilly  affecting  different  part >,  they  aBBUUM  various  and  often  BtM 

forms.  Tht  accompanying  Bgarc  (Fig.  W)  gives  tin'  nsual  appearance 
in  the  northern  Atlantic.    Thou  asperated  from  the  antarctic  kirrier 

•ill,  1m  fur.'   t:n-y   have   been    much   acted    upon  by  the   mm,  a  much 

more  regularly  prismetio  appearance.  Pig.  W  giro*  the  appearance  of 
one  of  ili  BM  pii-iuaiir  blocks  or  tables,  180  feet  high,  s«eu  by  Sir  James 
Boa  in  tiif  antarctic,  seas. 

Icebergs  as  a  Geological  Agent— Erosion.— The  polishing  and  scor- 
ing effects  of  the  ice  attests  and  of  Shall  discharging  gla<  t,  of 
rnur-i    i ■  -■  i «  1 1 ■  I  over  iln           .mi. mi.  abool   polar  coasts  as  far  as  the 

iera  touch  bottom!  which,  considering  their  in 
must  be  for  considerable  (Hstanoi  -  (  Fig.  85,  i  to  g)>    This  r,  is 

glacier  agi'iic  than  Eoaborg  agency.    On  being  separated  theg 

Seal    ,i'.'.',i i ,  and  ai  il    by  currents  \snli    their  immense,  load-  of 

earth  and  bowlders,  amounting  often  to  luo,000  ton3  or  more,  is 
us  40°  or  I'vi'ii  :u;'  latitude,  when,  beinj  ally  m-  it i-'i.  the\  drop 

their  burden.  If  the  irater  be  not  sufficiently  deep,  they  ground,  and 
being  nrayed  by  waves  and  tides  they  ohafe  and  boom  the  bottom  in  • 
somewhat  irregular,  manner;  or,  packing  together  in  large  Balds,  and 

urged  onward  by  powerful  currents,  they  may  Jin-  IMj  boom  Che  bot> 

tom  ovi-i    considerable  areeeSjCtnewhat  in    the  manner  of  glaciers.     A 

large  iceberg  will  ground  in  water  8,000  and  8^00  feci  deep;  the) 
have  bean  found  by  James  Robs  actually  aground  in  1^660  fa  I  of  water 
olT  Victoria  Land.     A  true  glaciated  surface,  however,  can  not  be  pro* 

ilnivil  by  ii 

Deposits.— The  bottom  of  the  sea  about  polar  shores  in  found  deep- 
ly covered  with  the  materiala  brought  down  by  glaciers  and  dropped 
by  Eoeberga  (Tig.  86).    Again,  similar  materiala  are  carried  by 

U  Ear  SS  these  ar<'  di  if  ted  b\  currents,  ami  :-|>read  mi  I  lie  bottom  of  the 

.ii. ■  .Miir-v  «.f  these  ourrents.    Where  stranded  ice- 
bergs accumulate,  a«  on  the  banka  of  Newfoundland, large quantities  of 

sin-h  materiala  are  deposited.       These  hanks  are  in  fact  supposed   to 
have  been  formed,  in  part  at  least,  in  this  way.     .Such  deposits  h 
Dot  been  siillioicntly  examined  ;  they  are  probably  BOmewhal  -imilar  lo 

those  of  glaciers,  cxhil.u  ting,  however,  soms  signs  of  the  sorting  power  of 

water.     Balan l  stones  or  bowlders  in  insecure  positions  can  hardly 

I  bv  icebergs. 

Slivrr-lre, 
In    eolil   climates  the    freestng   Of    Hie   surface   of   the    water    forms 

shoots  of  ice  many  inches  or  area  feet  thick,  and  of  great  extent)  about 
the  shores  of  riven-,  bays,  and  seaa    They  often  Inoioee  stoi 

bowlders  of  OOnsiderable  siss,  and    when   loosened  in     prin»   from   the 

shore  they  l"  away,  and  again  drop  them  at  considerable  flis> 
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taooes  fmi  11  flair  parent  rock.    s\lso  saohshei  I    I  together  in 

Lr_'>-  MWB|  and  ilrivrn  iii-lnuv  I.;,    nu-r  :in<]   tidal  earn  nts,  and  chafed 

back  and  forth  by  wai 

■  li.vhiiiL.'.  ami    i  • .  •  ■  1 1    lin 

.■  ii'-n.    On  a  rising  or  on  a  lobadhw ooasb  wch loorfatB 
gsmeyex         o    r  wide  area*,  and  IhusaimulAB 
nation,  are  wall  Men  on  the  shores  of  the  -s^.  Law! 

and  <  •  1 1 1  f . 
importance  of  the  study  of  ice-agencies  will  be  seen  when  wa 
in  the  phenomena  of  the  l'nfi  or  Qlacial  jK-riod. 

>»w  of  tint  Difffi'  us  o/  (As    K  i   «/" 

Utter. 

»rs  and  glaoiais  are  constantly  ratting  dews  all  bud 
away  thi  Lais  thus  gatb  i  I  depositing  then  on  thi 

margins.     Acting  alone,  therefore,  their  effeoi  mnsl  be  bo  diminish  the 
height  nn.i  to  extend  the  limits  of  the  land.    Oosan  agmesos,  on 

hand,  bj  tides  and  onrrents  bear  away  to  the  open  sea  the  mate- 
rials brought  down  from  tl:e   land,  and   thus  land  to  prevent  marginal 
accumulations;  and  by  waves  and  tides  OCfflataaUy  cat  away  the  coast' 
bo  extend  the  domain  of  the  sea.    Tim-,  while 
river  and  ocean  .  are  in  conflict  with  one  another  ai  theooasti 

to  extcii'l  the  limita  of  the  land,  and  the  other 
co-operate  with  aaoh  other  in  destroying  the 
the  earth's  surface,  and  are  therefore  called  I  ajMi- 

ties.    MoreoTer.  it  is  evident  thai  thi    erosion  of  the  land  and  the  fill- 
ing up  uf  t  lie  seas  are  oorrelatire,  and  one  la  an  Dxaot  maamm  -1  the 

,  wo  hare  seen  (page  11)  that   the  prohahle  rate  at  which 

all  continents  are  beta  about  one  foot  in  4*500  be 

H  ire  the  ocean  is  about  thn-e  times  the  extent  of 

ivenhj  over  the  bottom  of  the  sea  would 

t  four  inches  thick.    Thai  we  aonolade  that.  nag- 

re  effects  of  waves  and  tides  on   the   roaM-line. 

Iiillips,*  arc  sraull  in  amount  009  'itb  gen- 

■  in  of  th«'  land-surface,  we  may  say  thai  stratified  deposits  are 

rum  forming-,  or  the  ocean-bed  tilling  up,  ut  the  avenge  rati-  •  > ' •  r  tla 

•hole  bottom  of  about,  four  inches  in  5,000  years. 


A.i  we  have  already  seen  ('page  9), 
hydrographies]  lm.-iin.ji  part  runs  from  the  surface  producing  universal 
BfOSien.  A  second  part  sinks  into  the  earth,  and,  after  a  longer  or 
shorter  subterranean  coarse,  cornea  up  as  springs,  and  unites  mill 

Hii  if  ace- water  to  form  river*;  while  a  third  portion  never  ocfMfl  Up  at 
alt,  hut  continues  by  subterranean  passages  to  tin-  sen.  Thia  last  jx>r- 
tioil  it  renmved  fnnn  nlisri  vutiun,  and  OUT  knowledge  00006X111110  it  id 
very  limited.  But  there  are  numerous  facts  which  lead  U)  the  convic- 
tion that  it  is  often  very  emiMderablc  in  amount.  In  many  portions  of 
the   sea  near  shore,  springs,  and   8TOD   large   n\.j   .  nl  tiv-h  water,  are 

known  to  well  up.  Thus,  in  the  Mediterranean  Sm,  "a  bodj  of  fresh 
r  lifly  feet,  iii  diameter  rises  with  mofa  force  as  to  cause  a  visible 
e<>ine\ii',-  of  :'ne  sea-surf  ac-v." *  Similar  j»li«-Tiom.-ii:i  li.-i »••  been  ob- 
served in  many  other  places  in  the  same  sea,  and  aiso  in  the  linlf  of 
Mexico  near  tin-  COSSt  of  Florida,  among  the  \\  e>t  f  i  u  1 1 .  l  Ides,  and  mar 
the  Bandwiofa  Islands.  Besides  tlie  last  mentioned,  then  if  tall  another 
portion  of  subterranean  rater  existing  permanent lv  in  every/  pari 

the  earth  far  beneath  the  sea-level,  tilling  fissures  and  saturating  sedi- 
ments to  great  ilejiths,  and  only  brought  to  the  surface  bj  volcanic 
forces.  This,  in  contradistinotion  from  the  constantly-circulating  me- 
teoric water,  may,  be  called  vokxmie  nutter. 

Springs. — The  appearance  of  subterranean  waters  upon  the  surface 
constituted  springs.    They  occur  in  two  prinaipal  posUaona,  ris>i  1- 
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Upon  hiU  tidn,  just  whew  porous,  water-bearing  strata  such  as  sand 
OOtorop,  underlaid  by  impervious  strata  like  clay;  2.  On  fissures  pene- 
trating the  country  rook  to  great  depth. 

Must  of  the  *mall  cotmrrfng  aroryw]  ing  to  the  first 

class.  The  figure  (Kg.  68)  represents  a  section  of  a  hill  composed 
inn:-  !■.  if  porous  strata,  b,  bul  underlaid  by  impervious clay  stratum,  r. 
Water  falling  upon  the  surface  links  through  //until  it  comes  (a  contact 
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willi  c.and  then  by  hydrostatic  pressure  move*  laterally  until  it  emerges 
tA.a.    Sometimes  this  is  a  geological  agent  of  ootundi  tortanoe, 

modify  in:.'  •  I  a  'he  forms  of  mountains,  and  producing  luud 
Thm  Hokout  and  Raccoon  -Mountains,  in  Totiihwimp,  to  till 

mountains  of  nearly  horizontal    strata,  septinn  ui-vallcy*. 

ill  of  than  ospped  by  ■  am  stratum  about 

|(mi  fi-i-t  thi  lit,  underlaid  oy  .vliale.  'I'lie  water  whieh  falls  upon  tile 
mountain  uneffgi  l  in  uiiiiiitiuis  springs  all  around  where  tbo  sandstone 
rap  oomea  in  contact  with  the  underlying  shale.  The  sandstone  is 
gradually  undermined,  und  folia 
I  thru  the. 
>  hiT  remains  always  perpendic- 
ular ( Rg.  09). 

ffM  generally  is- 
from  fissures.     Water  pi--- 
iug  along  the  porous  stratum  b, 
perhaps  front  great  distance,  and  I  from  rising  by  I 

iperriou8  stratum  <.  coming  in  contact  with  a  fissure,  immedi- 
rises  tfarougb  it.  to  the  surface  at  a  |  I 

Artesian  Wells.— If  subterranean  streams  ban  thaiz  origin  io  an 

■ted  region,  a  vgular  strata  dipping  Bttdftl  ■  t 

Hat  eountry. /-,  then  the  subterr:iiie:ni   waters  pussine  along  any  porous 
'uniMfll  Pig,  '  l ).  and  confined  by  two  Imp  rateable  strata,  b  and 

i  []  in    under,  powerful 

hydrostatic     pressure,    and 
will,   therefor-  ft)    the 

surface,  perhaps  with  con- 
siderable foroe,  if  the  st ream 
be  tapped  by  boring  at  c. 
Borings  In    whieh   ml 
obtained  in  Uiia  manner  are 
railed  Artesian  wells,  from  the  French  province  Arti us,  where  thoy  were 
first  successfully  attempted.     The  -. -n r «-■■  of  khfl  wnfr-r  may  he  HKi  miles 
iit  from  the  well.    Some  of  these  wells  are  rerj  The 

telle  Artesian  in  Paris  U  2,0O«i  feet  deep.    At  the  inotni  ni  of  tapping 
the  stream,  a  powerful  jet   a*aa  thrown  I13fee4  high.     One  in  W< 
phalia,  Germany,  is  •<!..>">  feel  deep;  one  at  St  Louis,  3,843  feet;  ono 
at  I.  Kentucky.  '.'.s.V,' ;  one  near  Berlin,  4,178  feet;  one  near 

r,  Pa.,  4,028  :  und  one  near  Lcipsic,  5,738  feet.*    In  peril  of 
Alabama  and  California  the  principal -mpply  of  water  for  agricultural 
•see  is  drawn  from  these  wells. 

ire  is  on  all  coasts  a  constant  Sowing  of  water,  both  stijier- 


Ku.  ?!.— ArtcaUti  W«ll. 
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lieial  and  miIi[--i  niniTiiu  into  the  swi.  Tlirir  rtlitt  i  v.-  amount  it  i:- impos- 
sible to  determine.  Much  depend.-  ii]. .hi  i.).e  "•nli^urution  of  the  conn- 
try  mid   the  nature  of  the  Strata.     The  lirai)  liydro-tatie  pressure  to 

which  subterranean  water  is  subjected,  atpecially  in  elevated  oounl 
brings  the  larger  portion  of  it  to  the  surface  as  springs.    Hut,  in  Ii 
u>  regions  (this  rook  being  affected  with  (reanenl  and  Larg 

iiinl  open    -uliii'i ranean  ] HLv-jjifrcs,  us  will  be  hereafter  i  cplainad),  large 
subterranean  rivers  often  i'm.-i,  and  these,  mn  after  coming  to  the 
face  an  often  r •_■  - •_■  u _ir « » 1  f v-< I »  and  finally  roach  the  sea  by  subterranean 
ages.    The  same  is  true  also  of  regions  ■ . »\ . •!-.-■  i  with  recent  I 

flows;  fur   these  also   arc    full  of   raves  anil  I  i i. 

largest  springs,  therefore,  o.-ncnilly  occur  either  in  limestone  OX  in  vol- 
Banfo  i-iniiiiri. ■-.      I  mm  tin-  Silver  Spring,  in  Florida  a  stream 

navigable  for  small  steamers  up  to  the  very  spring  n-elf.  'I'iu-  aoOtttn 
fur  sixty  mill's  around  ii  entirely  de-i  it  ate  of  Superficial  BtreamB,  the 
whole,  ill  riiii,'  .-"uhterraiicaii,  and   OOUhlg  up  in   this  spring.* 

About  Mount  Shasta  all  the  streams  head  in  great  springs. 

Chemical  Effects  of  Subterranean  Waters.— We  nan  already  seen 

how   :  1 1 1  - 1  ■  -  -  j  •  1 1 1 11-   u;..tiT  disintegrates   rocks,  dissolving  nut 

their  soluble  parte,  and  reducing  their  nnsoluble  parte  to  soils.    Springs, 

therefore,  always  contain  these  soluble  matter*.     Iii  granite  ragioni 

they  contain  potash;  in  limestone  regions  they  contain  lime,  and  arc 
called  hard ;  in  other  cases  they  contain  salt,  and  are  brackish  ;  v 
the  saline  rngrediena  are  unusual    in   quantity  or  in  kind,  they  are 
calico  7  waters. 

Limestone  Caves. —  In  most,   rocks,  the  insoluble  part  left  an  bo 

far  the  largest,  only  a  small  percentage  being  dissolved,    in  such  r<>. 

therefore,   the  resulting 
■^   i-':*1.-    soil  fills  the 
originally 

the-    KCk.       But    m    l  he 

ease  of  lime-lone  the 
vhole  rock  is  soluble. 
Tli.  refore,  in  lim 
regions,  percolating  wa- 
ters dissolve  the  iimc- 
stone,  hollow  out  eptm 
pauagn,  and  form  im- 
mense cave*.  Water 
Charged  With  lim. stone,  dripping  from  the  roofB  and  falling  on  the 
floors  of  these  eaves,  deposit  tin  lr  limestone  by  evaporation,  and  form 


r^y^ 


«r».i- -1 


v-    " 
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•  The  exceptional  trannparmpv  of  HamtOM  wittr*  b  due  to  the  pro|>erty.  [\nnmttti 
b]  Sat  in  «  ItntrkabU  dogrvv,  "f  flwt-uUting  un«l  precipitating  clay  sediment*. 


Kg.  ?•-').  ■'  ./,  and  sUihijmiic*.   b  h,  which,  meeting  each 
other,  form  limt.--;  r.     Tin-  gnal  Mammoth  Care,  in  ! 

re,  in  \  ii  Liiiu...  and  a-, 

fuinili:ir  ;.     As  might  l"-  expected,  subterranean  rfran  are 

often  f-'  these  caves.    TWi  la  the  oaw  in  the  Mammoth  I 

JlJld    III     N  ! 

Thus,   a*   the   nunc    river   will   erode  «<r  deposit  according  as   it  is 

under-loaded  or  overloaded  nitfa  sediment;  bo  the  same  underground 

stream   may  hollow  out  passages  hy  Mention  or  fill  them  up  hy  deposit 
■rmnling  as  its  waters  are  under-.-atiirated  or  076  ted  with  min- 

matter. 

i  ••  are  many  other  »ff»  tea  <>f  the  greatest 

ortanee,  such  as  the  formation  of  Ac  tilling  of  mineral 

•,  the  metamorphnm  of  rocks,  etc. ;  but  these  will  I*1  taken  up 
«ach  in  its  appropriate  place. 

posits  in  Spring*. 

Deposits  of  Carbonate  of  Lime.— We  have  just  Men  that  ordinary 
subterranean  water-  in  limestone  districts,  and,  thenfore,  containing 
i  quantities  of  oarhonate  of  lime,  depcail  this  lubstaiiee only  wry 
•  y  by  drying,  as  stalactites  ami   ttalagmltea;  but  in  oar 
ingt  in  limestone  districts  »  very  rapid  depoarl  of  lime  etrhoi 

Explanation. — rn  order  to  understand  this,  it  is  necessary  to  n- 
Bembec  :  1.  That  lime  carbonate  is  insoluble  in  pure  water,  but  soluble 
in  water  og  carbonic  Bcidj  -.J.  That  the  amonsl  of  carbci 

dissolved  i.-.  up  to  a  limit,  proportionate  to  the  amount  of  oarbonio 
contained;  :'..  That  the  amount  of  carbonic,  aeiil  which  may  be  taken 
in  solution  by  water  is  proportionate  to  the  pressure. 

ources  of  carbonio  acid,  via.,  atmospheric  md 
II  water  contaii  ■    from  the  stni    pi 

re,  diasolvi  tral  this  i  aly  slowly  by 

drying,  as  alroad]  <d.    But  in  many  dtftxiot     eeps<  lallj  in  vol- 

ts, there  arc  abundant  subterranean   sources  of  carbonic 
■rid.     If  subterranean  waters  come  in  i  tb  mob  cat  tonic  i 

beiu.  ill  take  up  a  largo  quantity  of  this 

gas;  and  if  such  water  conn  a  to  the  surface,  the  piwuuui  being  ro- 
ll escape  in  bubbles.    This  i«  a  carbonatnd  tpring. 
If,  further,  the  subterranean  waters,  thus  highly  charged  with  carbonic 
■ejd,  i  contact  with  limestone  rocks,  or  ro<  I    ol  enj  kind  .  on 

•orbonatc,  they  -•<  ill  dissolve  a  proportionately  large  ami 
of  this  carbonate;  and  when  they  come  to  the  surface,  the  escape  of 
acid  caoses  the  lime  carbonate  to  depoeit  abundn* 

g8  in   timtstone  districts,  and  along  the 


OOCUfM  of  the  streams  which  issue  irora  them,  are  generally  found  ex- 
tensive deposits  of  this  subsume.  Bang  found  mostly  in  volcanic 
region-',  these  springs  are  oommonlv  hot. 

Kinds  of  Materials.— The  materia!  thus  deposited  h  usually  called 

travertine,  but  is  TOiy  dif ersu  in  appearance.  If  tho  dejwjsit  is  quiet. 
the  materia]    Is  dtnst;  if  tumultuous,  the  material   is  spongy  J   if  no 

iron  is  present,  it.  Is  ivlutr  like  inurlili- ;  hut  if  iron  be  present,  its  m 
tfofl  colors  it  yellow,  brown,  or  n  ddi-.li.     It  tin-  amount  of  iron  bo  vnri- 
able,  tho  stone  is  beautifully  xtri/ml.    If  objects  of  any  kind,  branches, 
twigs,  leaves,  arc  immersed    in  Mich  waters,  t In-y  are  speedily  inerusted, 
often  in  the  most  beautiful  manner 

Examples  of  such  deposits  :ir«-  fount!  in  all  countries.  \i  tin-  baths 
tif  Sun  Vi.nnone.  Italy,  a  carbonated  spring  issuing  from  the  (op  i»f  u 
hill  lias  ii.vrn-il   flu:   liill  with  a  .stratum  of 

white,  eompaoi  travertine  SCO  feet  thiok 

in  the  I'oiniiiit-pipe  which  leadi  the  vntei 
to  the  hatha,  the  deposit  accumulates  six 

inches  thiok  every  your.     A  similar  d. -posit 
of    travertine  occurs  at  the   baths  of   Sun 
Filippo.      At  this    latter    place,    beautiful 
limiU$  of  medallions,  coins,  etc,  are 
formed  by  placing  these  objects  of  art  in 
the  spray   of  an  srtlfialal   eascada 
In     Virginia,     around      tho     "  Old 
.Sweet"    and    the    "Red     Sweet" 
Bpringg,  and  in  tho  course  of  the 
Stream  which 

Bom  from  them 
fur  sevara]  miles, 

g  h|nvnii-il-'.('ll0W 

deposit  <ii  traver- 
tine has  aocuma- 
Utted  to  the  depth 

.if  ;ii    least  thirty 

feet  'I'll'-  spray 
of    Beaver     Dam 

Fulls,  about  three 

milr-      In-low     the 

springs,  incmsts 
erei  j  obj « I  In  Its 

reach     with     this 

dsposia 
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have  evidently  been  formed  in  a  somewhat  BimQar  way.    In  the  region 

■  •f   i Hi-    Icllowetonc    I'urk,  deposits    of   tniu-rtiue  from   waters   of  hut 

springs  running  doi  d  ip  incline,  in  a  succession  of  cascades, 

•ssniin-  beautiful  fiii-nih,  U  shown  in  t In-  accompanying  figure, 

taken  from  Qayden. 

Deposits  of  Iron. —  Iron  earhonate,  like  lime  i-hi-Ih iji.iii .  i*  to  some 
extent  soluble  iu  water  containing  carbonic  acid.  Bnbterrarjean  waters* 
therefore,  wliieii  always  contain  atmospheric  carbonie  arid,  when  t tn-v 

meet  llii-  carbonate,  will  take  up  a  small  quantity  in  solution. 
waters  are  called  On  coming  to  the  surface  the  iron  gives 

np  iu  carbon  poroxidised,  becomes  insoluble,  and  is  deposited. 

new  of  organic-  matter  i-  UMially  ueeesearj  to  bring  the  iron 
0  a  soluble  eomliliou,  the  full  AUCIHROO  od  this  ran  inteiaatUlS  stih- 
ject  is  reserved  until  we  take  up  organic  agencies. 

Deposits  of  Silica.— Silica  is  soluble  in  alkaline  wateia,  especially  if 
raters  banes',    Such  maters,  reaching  the  surface  and  oooUng,  on* 

posit    till  abiiudaner.  otftan   at  tirst  in  a  gelatinous 

dition,  but  drying  to  •  white  porous  material  oafied  siliceous  sinter. 

Examples  of  such  depositi  are  found  in  all  geysers,  as  in  those  of  Iro- 
land,  and  in  tin-  H   lamboal  Springs  in   N'evada,  and  especially  in  the 

.-u-rful  geysers  oi  Yellow*  rk,    Such  depceita  am  confine*! 

us,  the  wiir:niic  rook.-  furnishing  both  the  alkali  and 
the  heat.     We  will  diet  dm  these  again  under  Igneous  Ageucii 

Deposite  of  Sulphur  and  Gypsum.— S|>rin^  containing  bi 

rogen  (HiS)i  usually  called  sulphur-apringt,  sometimes  deposit 
sulphur  bj  oxidation  ol  the  hydrogen  (H,S-f  0=H»0+8),  and  some- 

ea gypsum.    This  latter  deposit  is  caused  by  the  more  complete  <>\i- 

sulphide  »f  hydrogen,  forming  sulphuric  acid  (H|8-f-40 

=  H,SO«),  and  the  reaction  of  this  acid  on  lime  carbonate  bald  in  solu- 


/ 


<v 


Ct* 


is  same  water.     ". 

( V  n  Lairs. 

Salt  Lakes  and  Alkaline  Lakes — Suit  lakes  maybe  formed  either 
—  I.  By  the  i  of  a  portion  of  in  in  the  elevation  of  sea- 

a  lake  without  an  outlet.     Thai,  the  Dead  Sea,  Lake  Blton,  and  the 
brine-pools  of  the  Russian  steppes,  are  probably  concentrated  remains 

ons  of  the  sea,*  for   their  waters  are  highl] 
tratcd  mother-liquors  of  sea- water,  baring  a  composition  wry  similar 
..       |      Liqm  «ofth«  mil-maker     Thi  Caspian  Sea,  on  the  other 
lake-margins  show  that  much  of  its  WS 
has  dried  away,  is  still  much  fresher  than  sea-water.     Thin  fact,  to- 


BO 
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gather  with  (lie  composition  of  it.-*  waters,  is  usually  soppoaed  to  indi- 
that  it  has  been  Conned  bj  the  simple  concentration  of  the  waters 
..f  «  ohm  Crab  lata ■ '"'  lei  tliese  are  eoae  evidences,  at  wo  shall  see 
hereafter,  of  (In-  M-ii  i i . i \  1 1 1 ■_'  lien  nnee  •  -< ■  1 1 1 1< -i - ( ■  ■<  1  with  tlit!  Blank  Sea 
ami  with  the  Arctic  OOOUL  Tlir  eompi>>itii>n  .if  i In-  waters  of  tin'  (Ireat 
Sail  Lake  .if  I'tah  would  seein  to  indicate  its  origin  in  ll.  i  D  of 

sea-water;  Itut  there  are  evulcuees  Of  its  OOM  having  bad  mi  outlet,  in 
wliieli  ease  it  rnusl  have  been   l":v>h,  "i-  at  least  hraekish.f 

Alkaline  lakes  nan   onlj  be  fornu-d  by   tliu  s.e.-.md   way.     Ilutli  aall 

and  alkaline  Lakes,  therefore,  may  be  formed  b]  indefinite  ooneeatra* 

lion  of  river-water  in  a   lake  wit  limit  outlet.     W  bather  the  1 01 

ill  her  i-  funned  depends  mi  tin-  e.mip.i.dl  imi  of  the  river-water.  If  al- 
kaline Bhlorid  imitute,  a  salt  lake  will  U-  funned  ;  but  if  alkaline 
Carbonates,  an  alkaline  hike.      Bach   alkaline   lakes  are  found   in  Hun- 

gexy,in  Lower  Egypt, and  in  Persia,   la  our  own  oountrv,  Lake  Ifono, 

tifli-.-ii    miles    I. hi--  ami    twelve    mile:    wide,  and   Lake  1 1 wen,  of  at  i 

ions,  are  examples  of  alkaline  lakes.    The  waters  of  I 
Mono  oonshtl  prinoipalljf  of  ■  strong  Bolution  ..f  oorbonatt  e/  toda  and 

.•hi. .ride  uf  sodium,  with  a  little  i  erbonate  of  lime  an<l  borate  oi  Boda.1 
Conditions  of  Salt-Lake  Formation.— Spring  and  river  waters  al  way I 
euiii.iiii  a  small  quantity  of  saline  matter  derived  from  the  rookfi  ami 
■olla  Suppose,  then,  wc  have  a  lake  supplied  by  rivers:  1.  If  the 
supply  of  water  hv  rivers  is  greater  tliaii  the  ton  by  evaporation  limn 
the  lake  mrfa..'.  then  the  Water  will  rise  until,  finding  an  outlet  in  the 
rim  of  the  luke-husiri,  it  flows  into  the  030.  In  this  ease  tho  lake  will 
rem. mi  frisk,  ox  the  quantity  of  saline  matter  will  be  inappreciable, 
But  if,  on  the  * -t li.- r  I ian.1,  tho  loss  by  evaporation  is  greater  than  the 
supply  hy  river-,  the  lake  will  ileeiea-e  in  extent,  and  therefore  in  evap- 
orating  rarfaOB,  until  an  equilibrium  is  established.  Now  all  the  saline 
BiatteXB  constantly  leaelied  frmn  tli  aeetuiiulate  in  tin    hi 

out  limit;  the  lake,  then-fore,  must  eventual  I  \  l.e.-omo  satiirai 
saline  matter,  ami  afterward   begin  to  deposit  sail.      It  is  evident,  then, 
that  whether  a  lake  is  fresh  or  salt  depends  npoo  whether  0C  nol  it  has 
an  outlet,  ind  this  latter  depends  upon  the  relation  of  supple  by  rivers 
to  in.,.;  bj  evaporation.    Lakee  ere  mostly  fresh,  becaaes  much  mere 

water  fulls  mi  rmitiuents  than  evaporates  from   the  same  Surface,  the 

an  running  bank  to  tin- sea  by  riven.    It  is  only  in  certain  parts 
of  the  continents,  where  the  BUnsati   Is  w  ry  .lev,  thai  there  is  no  such 


•  Riachoi,  Clirtniral  mnl  Hirtintl  Ornlnjrv,  vol  i,  p.  VI. 
■      i,,-rt    Wli.-.-l.-r  It-port  for  1H7'J.  p.  49. 

}  The  probability  of  Grtal  Salt  Lake  liarinj;  been  produced  by  »irople  erapwat 
river.wntor  l»  lncri<a*«d   hy  the  dVffwonca  in  tho  rompoMrlon  of  tlir  untoi*  of  Itki 
this  general  n>gii.ii.     Vflnra OBllBIIBlaiy  rock*  prevail   M  .;i  1  tab,  thi-varo  Mltj  »liere 
voU-mm-  rodH  [.i .  rtB,  U  I .a  Mom  sad  Owso,  BMj  on  alkaline. 
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In  alone,  therefore,  run  salt  hikes  exist.     Such 

regions  occur  in  tin-  interior  of  Asia,  on  the  plateau  of  lloxioo,  in  the 
mi  of  Utah,  rod  in  several  other  places. 

ii  in  case  a  salt  lake  U  originally  formed  bj  r  In-  isolation  of  a 

•f  tea-water,  H  I  I  remains  a  suit  lake  or  gradually  bee 

'i  win  depend  upon  'in-  conditions  we  have  already  men 

iple  :  if  the  Mediterranean  shmild  Ik-  «•  para  ted   from  the  At- 
luni.  !:-  of  Gibraltar,  it  would  noi  only  remain  a  silt  lake, 

Id  diminish  to  area, and  finally  deposit  salt.   This  we 
became  the  water  of  the  Mediterranean  wm    to  1m  i  little  more  Ball 
than  Lf,  on  the  oontrary,  the  Black  Sea  were  eepa- 

raU-  is  Baltic  from  tin- Atlantic,  or  the 

bay  from  the  Paoil  "PP'v  hy  rivers,  in  theoase 

of  these  inlai  >t«r  than  their  lo«s  by  evaporation,  the* 

would  rifle    until  they  found  an  outlet,  ami   then   would   be  gradually 
rinaod  out,  and  b  iplain  was,  in  wrj   ro 

geological  tiim\a:i  aim  oi  the  sea.      When  lirsL  isolated   it  wurf  salt.      It 
has  become  fresh  by  thifl  proOM 

Deposits  In  Salt  Lakes.— The  nature  of  Oil  ahamloal  deposits  in  salt 

hike,  upon    ili.'   manner  in   which   the-e   hike*   have  been 

B  the  Simplest  Case,  Ha.,  that  of  a  lake  formed  b) 

the  isolation  of  sea-water,  ami  ii-  ooDOi     nation  i -v  evaporation.    In 
thi»caee  the  substance  first  deposited  would  bo  gtfp*<"»  ;  f-»r  this  sub- 
n  a  saturates  I  hrine,  and  therefore  always  depo 
iiiii  1,1 1  evaporation  of  sea-water  in  ssltanaking.     I'pon 
•he  deposited  salt.     Meanwhile,  however,  the  riten 

daring  i1  I    rini!  would  bring  down  wdimtnU.     Darius 

flaod*sea«oii.  the  supply  of  water  being  greater  than  loss  by  evaporation. 

the  deposit  of  salt  or  gypsum  would  cease  ;   while  daring  the  dry  reason 

i  he  <  oaldl  cease,  and  the  evaporation  being  now  in 

tof  salt  would  Thus  the  deposits  in  t he 

i Kiliably  consist  of  alternations  of  salt  and  l 
it.  the  whole  underlaid  by  Livers  of  gyp)  OBX.     Tin,   •  •  becu 

aed  by  observation.     During  thedrj  season  Lai  deposits 

inn  lerable  layer  of  salt.     Well*  dug  near!).'  D  of 

I  a  hundred  alternations  of  salt  and  mud,  th. 

or  nine  inches  thick. •    Most  of  the  sail  baa 
alrr-i  .  for  the  water  of  this  lake  is  an  almost  pare  WWsrn, 

The  great  predominance  of  chloride  of  magnesium  in  Dead  Beawi 

a  mother- liquor,  from  which  immense  quantities  of 

I.     Similar  alternations,  there* 

•m  of  this  sea.f  ;  .ikt. 


•  B»cho{.  Chpinical  toil  Pbjafcal  Geology,  v«L  i,  P  *05.  f  H>l(l.,  p 

e 
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in  Utah,  is  also  a  satiir.iu.l  brine  ■:  salt,  as  is  proved  by  tho 

incrustations  of  salt  about  its  margin  in  dry  seasons;  but  the  deposit 
hai  BOf  progressed  so  far  in  this  case  us  in  the  n  The  great 

extent  to  which  the  waters  of  this  lake  have  dried  away  and  become 
concentrated  is  further  shown  by  old  /.//,-  margin$  fur  beyond  tho 
limits,  and  several  hundred  bet  above  tin-  lev.-!,  of  the  present  shore- 
line. Similar  phenomena  ure  observed  nbout  other  suit  lakes,  especially 
abont  th,  Sea  (Mtir. -bison). 

In  the  ease  of  salt  lakes,  either  farmed  entirely,  or  modified,  by 
i  ivi  r-water,  the  deposits  are  probably  much  more  complex  and  various 
— sometimes  suit,  sometimes  carbonate  of  lime,  and  sometimes  sulphate 
of  lime.  Immense  deposits,  mostly  of  carbonate  of  lime,  aro  found 
about  the  salt  lakes  of  Nevada.  They  form  a  conspicuous  feature  of 
the  scenery  about  Pyramid  Luke. 

Deposits  are  also  sometimes  formed  in  lakes  which  arc  not  salt. 
For  example :  the  Solfntaru  Lake.  Italy,  is  formed  by  the  accumulation 
of  the  water  from  warm  Carbonated  springs,  similar  to  those  of  San 
l-'ihppo  and  Ban  Yi-rnone.  In  thla  lake,  therefore,  deposits  of  traver- 
tine are  forming,  although  these  depo  •  place  in  a  la! 
prop'  i  l'  in  deposits  from  springs  lo  not  take  plucu 
,v  bj  rniiii  aiiation,  but  part  Iv  also  by  escape  of  carbonic  acid. 

I'liniiirni  Dtp&siit  iii  fiber. 

Concerning  these  little  is  known.     It  h]  certain,  however,  that 

is  carry  to  the  sea  carbonate  of  lime  in  solution,  and  some  of  them 

in  considerable  quantities.      Then   is  scarcely  any  river-water  which 

contains  less  carbonate  of  lime  than  Bee- water;  many  riven  contain 

four  times  as  much.*     This   carbonate  <>f  lime  thus  constantly  Otfl 
into  the  sea  must  eventually  d« ■  posit  in  some  form.     Usually,  how. 
sea-M-utcr  is  kept  below  the  saturating  point  for  this  substance, "by  its 

consiant  withdrawal  by  shells  ami  coral-:,  as  will  be  explained  under 

Organic  .\._'i'jiey.      Hut  in  shallow  bays  nearly  cut  oil  from  the  gee 
in  salt  lagoons  on   the  Ben- margin  near  the  mouths  of   mere  in  iir\ 
elimati--',  and  subject  to  occasional  overflows  by  the  sea  and  Boodi 
by  rivers,  carbonate  of  lime  end  -ailphate  of  lime  may  deposit,  by  SI 
ration.     At  the   mouths  of   many  rivers,  whoso  waters  contain  mm-h 
carbonate  of  lime,  as,  for  instance,  the  Rhine,  the  delta  deposit  is 
cemented  into  laird  rock  by  means  of  this  substance.     On  shores  of 
coral  seas,  as  upon  the  Key-- of  Florida,  the  coaat  ctf  the  STest  India 
Islands,  and  the  island.-  of  the  Pacific,  shore-material  is  consolidated 
into  hard  rock  by  the  same  means.     On  many  shores  in  tropical 
the  waves,  being  ■  1 1  i v . - 1 1  up  on  flat  beaches  far  inland,  leave  sea- water 
inclosed  in  shallow  pools,  which  by  evaporation  give  rise  to  caloareoiis 
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deposit*  which  are  increased  by  llie  frequent  alternate  influx  and  evapo- 
ration of  iuiik  rut- .•!-...  ks  aro  thus  forming  at  the  p 
time  in  the  On  arii    and  many  other  places. 


OHAPTEB   III. 

I  a  KSO  US    AOKX  CIKS. 


*~ 


Thb  agencies  thus  far  considered  tend  to  radnoe  the  inequalities  of 

earth  by  cutting  down  the  continents  and  filling  up  the  was.    Their 

unop]  OMd,  would  bo  to  bring  the  whole  6urfac©  to  one 

'.  nd  time  to  mako  the  em  pi  re  of  the  sea  universal     '  I '  I .  i  s   is  prc- 

fneons  agencies,  which  tend,  by  elevation  of  land  ami  <]<■ 

presaon  of  aoa-bottonia,  to  increase  the  inequalities  of  the  ciirth-.Mirf.Ki-, 

rm  <tn<l  the  hntjht  <\f  the  hind.     All  the  dif- 
al  forma  of  igneous  agency  are  connected  with  the  interior  heat  of 
the  earth.     '1  t,  therefore,  be  first  considered 

aOH    I.  —  Ixti:i:i«ii:    III-  kT  OK  THE  EAItTII. 

Stratum  of  Invariable  Temperature.— The  mean  sorfeoc  temperature 

of  the  earth  varies  from  su°  at  the  equator  to  nearly  0°  lit   tl 

The  rate  of  decrease  in  pawing  from  the  equator  to  the  poles  is  not  the 

same  in  all  longitudes:  the  isotherms,  or  lines  joining  places  of  equal 

tnperatures,  are  therefore  not  parallel  to  the  lines  of  latitude, 

Miite  irregular.    The  mean  temperatore  of  the  whole  enrth-snrfacc 

is  about  58°.     There  is  also  in  every  locality  a  daily  and  an  annual 

•  of  temperature.    As  ire  paai  below  the  mifae*  both  the  daily 

aud  annual  variations  ier.     The 

ttrir  •!(/  variation  is  but  a  foot  or  two  beneath  the  surface; 

rtratnm  of  no  annual  variation,  or  stratum  qfinva  tem- 

perature in  temperate  iDOUt  sixty  to  seventy  feet  deep.    The 

temperature  of  the  invariable  stratum  is  nearly  the  mean  temperature 
of  the  place.    Ti  .f  the  invariable  stratum  depends  upon  the 

amount  of  annual  variation  ;  it  is.  therefore,  least  at  the  equator,  and 
increases  toward  the  poles.    At  the  sqnatoril  isonlj  one  or  two 
beneath  the  surface;"  in  middle  latitudes  abont  sixty  feet,  and  in  high 
latitudes  probably  more  than  a  handled  feet.f      It  is,  therefore.  ■  sphe- 
roid toon  oblate  than  the  earth  itself.    The  temperature  of  the  earth 

everywhere  within  this  spheroid  is  unaffected  by  external  changes. 

•  Hnml-oHl.  OmBKI  D,  Tnl    |,  p     |60 

t  In  j*%tar  rv?Umo,  or  «he  region  of  prrpttital  ground-ier,  U>  stratum  of  inrariaMa 
Watpcramr*!  probably  again  riaea  neartr  th«  aurfuc*,  un  account  «f  tbo  property  of  ice  of 
Timhr;  It*  tempermtura  by  meltiug. 
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Increasing  Temperature  of  the  Interior  of  the  Earth.— Beneath  the 

invariable  stratum  i lie  temperature  of  the  earth  <urywhero  increases, 
for  all  depths  to  which  it  has  bc«:ii  pi  in  t  rated,  at  an  average  rate,  of  about 
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I6  for  every  68  tool.  This  very  important  foci  has  0800  deft  mined  by 
numerous  observations  on  the  temperature  of  Dines  ami  of  Altarin 
well.-  in  almost  every  part  of  the  earth.  All  the  facts  thus  far  stated 
are  graphically  illustrated  in  the  accompanying  figure  (Kg.  74),  in 
which  thi'  UnSd  A  represents  depth  below  the  surface,  ami  llic diverging 
line  c  d  the  increasing  heat ;  vi  the  invariable  stratum  ;  n  the  line 
daily  Variation;  the  curves  p  P,  C  e,  0  *,  the  temperatures  in  BUBUBCr, 
uutumii,  and  winter,  respectively ;  thsspacerpo  the  annua]  swing  of 

temperature  ;   ami  [he  smaller  curves   meeting   on  the  line   u.  the   daily 
variation  or  swing  Of  temperature. 

We  have   given   the  rate   of  increase  u  about   L°  m  63   feet.       It 

varies,  however,  in  different  places,  from  1°  in  84  feel  bo  l  '  in  90  feet 
Except  m  the  ricinrtj  of  rolcanio  action,  this  difference  is  probe 
■  t  >i  ■  ■  i"  varying  conductivity  of  the  rocks.    The  lines,  or  rat  her  surface*, 
which  join  placet  In  the  interior  of  the  earth,  having  equal  tempera- 
tines,  may  he  called  ingtoihtrtn*.     If  the  rate  of  increase  w« 
where  the  same,  the  isogeothcrrns  would  be  regularly  concentric; 
as  this   is  not  the  .'M-e.  th.v  are  irregular  surfaces 

nearer  the  earth-surface  and  closing  upon  one  another  where  the 
ductivity  is  poor,  and  sinking  deeper  and  separating  where  the 
dai-lnity  is  greater. 

Constitution  of  the  Earth's  Interior.— From  the  facte  given  above 
it  is  probable  thai  the  temperature  of  the  interior  or  the  earth  is  very 
great.     A  rate  of  increase  of  1"  for  every  63  feet  would  give 
depth  of  twenty-five  or  thirty  miles,  a  temperature  sufficient  to  fuse  most 


INTERIOR  HEAT  OF  THE  EAUTII. 

•n  confidi  ad  by  many  that  tin 

earth,  beneath  a  com  pa  rati  v  el  \  thin  cruel  of  thirty  mile*,  must  bo  liquid, 

■  f  thirty  mill'-  OS  our  glob  oeni.  to  a  erustof  less  tinm 

tenth  "f  an  inch  in  a  globe  two  bet  Is  diameter.    Hare  are,  how- 

■  "in  tO  tbi-  cnnchibioM.      Tin    question  Of  tin-  ink 
constitution  of  the  earth  is  one  of  eitreme  diftioaltl  nod  OOmi 
and  science  is  not  mm   in  a  podtioa  to  soke  it  completely.    Neverthe- 
less, it  can  bo  proved  that  the  solid  crust  must  bo  snob  thicker  than  is 
luiiiallv  supposed,  ir,  itnii  be  any  general  interior  fluid  at  all. 

Tin'  argument  for  the  interior  fluidity  of  the  earth,  beneath  ■  crust 
'liirty  miles,  proceeds  upon  two  supposition.-,  TUt :   1.  That  tin' 

IDK   ,•///,'  fyr  ,,•','  <///,{/,.-■  •  and,  2, 
Thm  .-lint  of  roi  mi  for  ell  depths,    tfow,  neither 

of  tboeo  can  be  true. 

L  Rate  of  Increase  not  uniform.— Although  we  bavi  spoken  of  \" 

for  rir;--,  or  .')(»  feet  or  !ni  feet,  yet.  it  must,  not   Im>  Bltpp 

that  on  givee  ■  uniform  rati' of  inoreaeeal  any  |>lace.    On  the 

trary,  the  rate,  in  sometimes  faeter  and  sometimes  dower,  depending 
on  th©  conductivity  of  the  rock  penetrated}  and  on  other  causes  little 
ondenitood.    The  rate  given  is  always  an  mtrogt.     In  ethei 
observation  gives  l lie  fact  of  inoroaeotbn1  not  t!  ITa  an  I 

thrown  l«K-k  on  general  ra  toning. 

If  two  bai  :/  H>d  condnctOT,  like  metal,  and  the  or! 

harooal,  he  heated  red  hot  al  ■  ■■  of 

decreasing  temperature — fall  of  heat. — toward  the  other  be  observed,  it 
will  be  band  that  the  nit..-  u  verj  rapid  in  the  case  of  the  charcoal,  so 
that  a  tsmpet  I  <>o°  is  reached  at  the  distance  of  two  or  three 

■    in  the  case  of  the  metal  the  rate  of  decrease  ii  much 
slower,  and  CO3  is  only  reached  at  a  distance  of  several  feet.    ( 
vors<  -rni*f,  or  ri.-<\  in  passing  toward  n  howco  of  heat, 

i.<  rapid  in  the  case  of  the  bad  <  ondnt  lor.  and  slow  in  the  case  ol  the 

etor.    Now,  the  aTerage  density  of  materials  al  tbeenriaoe 

of  the  earth  i*  about   '.'  •">.  but  the  a\  of  the  whole  earth  in 

~<\  therefore  the  d<  f    the  central  portions  must  lie 

ranch  more  t  It  ha- 1"   ii  estimated  at  10*97.*    There  can  be 

no  doubt,  therefore,  thai  the  densitj  of  the  earth  mcreasei  toward  tlie 

■  r;  and  as  thi  probably  largely  the  result  of  pressiiie. 

probably  somewhat  regular.     Whatever  be  the  cause,  the  « 

y  for  Ami.  and  therefore  to  diminish 

Ita  of  increasing  temperature.    Thus  it  follows  that,  though  in 

a  h»>  the  melting-point    of  rocks   1 3.000°)   would  be 

be  depth  of  thirty  miles,  yet,  In  a  globe  increasing  In 
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density   toward   the  center,  wo  mimt  suck  this  temperature  at  a  greater 
depth. 

If  A  />'  (Fig.  70),  representing  depth  from  the  surface  .S  ,S  be  tukun 
its  absciss,  end  /"•".'  ix-  r.'|Hv.iMHrii  hv  up  I  mates,  then,  in  a  homogene- 
ous earth.  ('  1 1  would  represent  uniform 

increase  of  beat,  ami  the  beal  <>nlinate 
of  8|000  .  HI  '",  would  bo  reached  at  the 
i|i'[uh  nf  .1  01= thirty  iiiili-s.  Hut  in  :in 
earth  incn  ;i-iu-  in  density,  and,  there* 
fore,  in  conductivity,  the  rate  would  not 
be  uniform,  but  gradual]"/  decreasing. 
This  would  be  represented,  not  by  a 
straight  li rit-,  ('  />,  but  by  a  curved 
0  /•-'.■  end  the  ordinate  of  roold 

not  be  reached  at  thirty  miles,  but  at  a 
m  mil  greater  depth — say  at  m\  of  Bfty 
mile-. 

•-.'.  Fusiiig-Point  not  the  same  for  all 
Depths. —  Nearly  all  substances,  expand 
in  the  act  of  melting,  and  contra 
the.  SOt  of  solidifying.     Only  in  a  few  substances,  like 
verse  true.      N  fusing  point  of  all   -ul^l.mees  which  expand  in 

the  act  of  toeing  musi  he  unsid  /-//  j  .  -iin-e  the  expanding  Borot 

of  heat,  iu  this  case,  must  overcome  not  only  the  cohesion,  bill  slag  the 

praesuve.     That  this  i-   I  rue,  has  been  proved  experimentally  for  inanv 

substances  by  Hopkins.*     lint  granite  and  other 

nrored  to  expand  in  fusing;  therefore  the  Casing-point  of  rock*  i» 

raised  by  pressure,  sad  nnst  be  greatly  raised   by  the  inoonceivabU 

to  ivlii.  I)  they  :tre  subjected  ill  the  interior  of  the  earth.       For 

this  reason,  therefore,  we  must  again  go  deeper  to  find  the  interiorjfiMa. 

in  the  figure,  wi'  ia  the  point  where  we  last  found  the  lu  ELl  »f 

i".  Hut  this  is  the  fusiuL'-point  on  the  surface,  or  under  ntmos- 
pherie  pressure.  The  pressure  of  fifty  tuilea  of  rook  would  certainly 
greatly  raise  the  fueing-point.  Suppose  it  is  thus  raised  to  n,-' 
to  find  this  we  must  go  still  deeper,  to  in",  perhaps  WV(  nty-tive  miles 
in  depth.  But  the  increased  pressure  would  again  raise  the  fusing- 
point ;  and  thus,  iu  this  chase  of  the  increasing  heat  after  the  flying 
fusing-point,  irkm  tlie  former  vroold  overtake  the  latter,  or  whether 
it  would  overtake  it  at  nil,  science  is  y«t  iniahle  to 

From  this  line  of  reasoning,  therefore,  we  conclude  that  the  solid 

crust  i if  the  earth  must  be  much  thicker  than  ia  usually  supposed,  and 
there  may  be  even  no  interior  liquid  at  all. 


*  Ainvric»n  Journal  cf  BdCDM  ami  Art.  II,  ral  xivii,  |>.  9S7- 


Astronomical  Reasons. — There   U  another  and  entirely  different 

of  reasoning  winch  has  led  some  uf  the  bast  mathematicians  and 

physicist*  to  tin'  «amo  result.    According  to  th  <.  the 

earth  i»  BtiD  Hatty  a  liquid  ylvbc,  and  therefore  under  thi 

tractive  [nfinenoe  of  the  mm  and  moon  it  onghl  to  bohaTO  like  a  yielding 

liquid.     Now,  according  to  Hopkins,  Ihootjon,  and  others,  the  earth  in 

all  iu  usirominiic.il  relation   behavea  Mice  a  rigid  wild — a  solid  more 

'A  than  n  solid  globe  of  glass — and  i  nee  hctwwn  tho  be- 

harkrofa  I  a  solid  gMbeooald  easily  be  doteotod  by 

tnomical  |  ma,*    A  complct.  loo  of  the  proof  wo 

lie  unsuitable  to  an  elementary  work.  Ntitlicc  it  here  to  say  t hat  the 
those  argnmenta  has  led  some  geologists  to  the  conclusion  that 

I  he  i  regarded  as  a  substantially  solid  and  very  rigid  globe ; 

that  volcanoes  are  openings  into  local  reservoirs  of  liquid,  nut  into  a 
■    id  ii  lerioi  ■— Into  rabterraneanj$r»-2alMS,noi>  into  an  interior 

■sea;  and  thut,  the  lie  theories  of  igoeooa  phe&OIU 

I  on  the  basis  of  a  substantially  unfit/,  DOt  a  substantially 
liquid,  earth. 

re  are  man;  phenomenal  bowever--eepedaUv  the-  great  lava- 
floods — to  be  described  hereafter  and  tl  bility  of  the  crust-level 

under  Increase  and  decrease  of  weight  bj  sedimentation  and  areakm, 
which  aeem  to  reqnire  an  onlimi  ply  of  liquid  matter  at  no  g] 

1  the  surface.    Kan  therefore,  find  n  eom- 

■  I  i      at  there  i  . 

iot  nnireraal  or  over  large  areas,  betnm  n  the  tolid  md  n  solid 

Nucleus.    Tl. i-  ■'<•>-.    This  seems,  on  the  whole, 

•  probable  view.f 

The  interior  beat  Of  the  earth  manifests  itself  at  the  BO  three 

ipal  forma,  viz.,  volcanoes,  earthquakes^  and  gradual  osoiitatious  of 

■ 

noH  fc—  Vote  LK01 

Definition. — A  volcano  is  usually  a  conical  tic  with  a  funnel- 

shaped,  or  pit-shaped, or  cap-shaped  opening  at  the  topi  through  which 
are  •  ials  of  various  kind  In  it,  and  often  in  a  fused 

condition.  The  activity  of  volcanoes  is  BOinctime-  conston/,  as  in  she 
case  of  Stromboli,  in  Italy,  and  Kilauoa,in  Hawaii, but  more  commonly 
iniermittntf,  \  v.,  having  periods  of  eruption  alb  mating  with  periods 

■lore  or  less   Complete   repoae.      Volcanoes    which    have  not  been 
known  to  iruot  daring  historic  times  are  said  to  be  extinct,     I'  i 
possible,  line  of  distinction  between  active  and 

•  Thotnaaa  hiu  twwntly  reaOraied  these  conclusions  with  still  greater  posltiven«M.— 
<ir,  p.  486;  American  Journal  of  Science  and  Art,  »ol.  ili,  p.  X3S,  IS7S. 
i-jcrkao  GccJojjist,  tpL  t,  p.  382,  voL  ii,  p.   23,  »nU  rol.  ir,  p.  Si. 
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extinct  volfiaBOee,  \c.-nviu.-,  until  the  great  eruption  which  overthrew 
the  anciom.  cities  of  Heronlanenm and  Pompeii,  was  regarded 

linil.  volcano.    Sine.' ili;ii  ijiic  it  lias  been  very  act  i\c.     Krak.n 

6  silence  uf  200  years, burst  out  in  1883  in  the  gmUesl  eruption  known. 

Size,  Number,  and  Distribution.— Some  volcanoes  g  the 

loftiest  mountains  mi  our  globe.    Arinirtitjim,  in  ('hi)i,  is  13,000  feel 

In/in  i  ''.in  Peru,  P.),W!o  feet,  in  height    These  Tokani   i 

ure  tituuted  Ofl  0  high  plateau  ;  their  height,  therefore,  Ifl  BOl  due  to  vol- 
canic eruptions ''ii  i  inly.  Hut  liatUU  Coo,  in  Hawaii,  nearly  14,000  feel, 
mid  Mini nl.  Etna,  1  l.nui.i  feet  high,  seem  to  he  due  entirely,  and  Mount 

Shasta,  California,  14.4  1"  Boot,  Rainier, State  of  Washington,  14,444,  al- 
most  entire)]  to  this  aaaee.   Th.  arater  oi  Manna  Lob  \s  two  and  ■  hnif 

miles  across;  thai  of  ETJhnUM  three  miles  across  ami  L,000  teat  deep. 
The  number  of  known  volcanoes,  eooording  to  Humboldt,  la  407, 

and  of  th'-  e  '."'■  are  known  to  have  boon  active  in  tin.   I  »rs. 

aotnsj  number  la,  hnuevcr.  probably  mueh  greater.    It  baa  ben 

estimated  that,  in  the  archipelago  about  Imrnenal  me,  thi  re  are  «.toii  vol- 
,,i;i-„..'      Tin   tlitlributivit  id"  volcanoes  in  remarkable.     («.)  They  are 
almost  entirely  eon  lined  to  'he  viotnit]/  tf  th$  MO.     Two  thirds  of  ' 
an  found  on  islands  in  the   midst  of  the  sen,  nini  the  remainder,  with 
the  ezoeption  of  a  lei*  in   the   interior  of  Asia,  are  near  the  soa-coast. 

rii..'  on  tslandfl  In  the  sea,  probably  commenced,  mo  m,  at  the 

bottom  of  the  ."en,  the  islands  having  been  formed    bj  their 
N'ew  islands  have  been  suddenly  formed   under  the  eye  of  oheOMI  I 
the  M"'lit'  rianeiin  and  in  the  Pacific  Ocean.     Tin-  basin  of  tin 
ifl  the  great  theatre  of  volcanic  activity,  nearly  seven   eighths  of  all 
known  volcanoes,  being  situated  mi  its  na-i-  or  on  i.-laml.-  in  it.-  midst. 
(A.)  Volcanoes:  are,  moreover,  distributed  '"   groups  (as  thi     Hawaiian 

volcanoes,  the  Mediterranean  vokenoes,  the  Icelandic  volcanoes,  the 

■   Indian  volcanoes,  the  volcanoes  of  Aurergue,  etc.),  or  a 
tensive  lines  as  if  connected  with  a  great  future  of  the  earth's  crust 
The  im'..i  remarkable  linear  series  of  volcanoe.-*  i.-  that  wl  the 

Poeitie  eoii.st.  ('niiiiiiencing  wnh  the  Fuegian volcanoes  it  inns  along 
the  whole  extent  of  the  Andes,  then  along  the  I  ordillerae  of  Mexico, 
the  Rooky  Mountains, then  along  the  Aleutian  chain  of  islands.  Kami 

ehatku,  the   Kurile   Islands,  Japan   Islands,  Philip-pities.    N'ew  i',\ 
New  Zealand,  to  the  :uit:uetie   rolonnoes  Mounts   Erehui  and    Terror, 

thence  back  by  Deception  Island  to  Fuegin  again,  thus  complete!] 
circling  the  globe,    (c.)  Volcanoes  arc  generally  formed  in  compare 
tively  notni  strata.    This  seems  to  bo  connected  with  th<  ir  relatioo 

to  the  sea:  for  recent  strata  are  abundant  about  the  sea-const,  and  the 
most  recent  arc  now  forming  in  the  bed  of  the  sea.     The  extinct  vol 
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'"i-anrir  and  <i  y  regions.    Possibly  the 

retiring  of  tin-  ,■*«  has  OXl  -<i  iln-m.     In  the,  oldest  strata  vi>l- 

•ug  ago. 
Phenomena  of  an  Eruption.— Tin-  phenomena  of  au  eruption  arc  very 
Sotnetimi  -  Uteri  ia  a  gradual  meUingoi  the  floor  of  iheeistar, 
and  i  .  .m>l  boiling  of  the  liquid  contents  until  thej 

ilow  and  form  immense  streama  of  lave,  extending  fiflj  to 

milea.    After  the  eruption,  the  malted  lava  again  >iuk-  ami  cools,  ami 

lines,  u>  form  the  floor  of  the  crater  until  another  eruption.    Thii 

ii  the  Hawaiian  and  many  other  volcanoes  in  the  South 

Baa     Ii  'a9e8,asin  the  Mediterranean  roleum**.-),  ami  especially 

in  many  in  tin-   Imliiin  (hran,  the  eruption  i-    feurfullj  <■  rnJbstVa     In 

.  cua-s  the  eruption  ia  DJually  pi  by  premonitory  earth')  nakv.- 

and  sounds  of  subterranean  explosions;  then  the  bottom  of  the  amti  r 

lown'ont  with  a  violent  exploeion,  throwing  huge  rocky  fiagmenta 
to  gi  tanoee,  often  man;  milee;  than  the  melted  lavajnai  and 

overflow:  inning  down,  tine  aide  of  the  roonnlnin.    Iherin 

and   overflow  of  lava  arts  accompairicd    with  violent  explosions  of  mm 

which  throw  np  immense  quantities  of  ashes,  end  cinders  8,000  and 

I  10,000  feel  above  the  crater.*     'I'ho  fine  ubea  from  Krakat' 
said  to  h»Te  been  carrrieil.  In   tin-  iipru.-h  of  gas  and  \» jn.u .-.  in  the 
una  iii  <if   l"   miles,  f     In  the  great  eruption  of  Tomboro,  in 

the  ialand  "f  Surobawa  near  Java,  ii  explosions  wen  heard 

miles  distant.]     Explosions cl  Riakmoa  were  1. 
I  and  even  8,000  miles."    The  emission  of  gai  nanaUy  oontinnei 
after  all  other  ejections  cease.    Vii  raw  and  heavy  rain 

pany  the  eruption,  and  when  the  mountain  reaches  into  the  region  "f 
perpetual  mow.  as  in  man;  of  the  Sooth  American  volcanoes,  the 
fearful  aV  oduced  by  the  sudden  melting  of  the  snows  are  often 

the  moat  d<  ■■  plmmm  -  mnected  with  the  oruption. 

.re,  may   l><-  divided  into  two  groat  - 
the  ffBtei  ami  the  tcrphtive.     In  the  one.  lava-flows  predomimin  ■ 

and  steam  and  gas.    The  Hawaiian  vol< 
canow  are  pah  up  of  the  former,  and  the  Jam 

canoe*, «  Krakntoa,of  the  latter.    The  Mediterranean  and  most 

oilier  volcanoes  are  mixture,  .if  these  two  types  in  varying  proportions. 

iali  ejected  during  an  eruption  is  aomel 
almost  in  In  greal  eruption  of  Tomboro,  already 

tioned,  ashes  ami  cinders  were  ejected  safiicient  t* •  make  three 
Mont  Wanes,  or  to  cover  the  whole  of  (Jermany  two  feet  deep.  |     In 


*  Dut'«  Mraual.  p.  r.M. 

....  rol.  kxstIII,  p.  540,  1888. 


■  Simoe,  rol.  iv,  p.  IM,  1884. 
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tin-  eruption  of  Krakatoa,  August,  1883,  ^  cubic  miles  of  material 
vera  blown  into  dust  ho  fine  that  it  vaa  earned  bj  the  gae-ounenl  17 

miles  high,  and  some  of  it  remained  suspended  for  two  or  three  years. 

The  lava  whiob  streamed  from  Bkaptar  Jokull,  Iceland,  in  1783,  has 

In  (ii  computed  to  be  equivalent  to  about  twenty-one  cubic  miles,  or  to 
the  whole  quantity  of  water  poured  by  The  Ml..-  into  the  .*-a  in  ono 
jfearl  Those  vera,  bovever,  very  extraordinary  eruption*.  In  the 
i.-.-i  eraptioni  A  \  Btnvina  the  quantity  of  lava  poured  oat  vm  not 
more  than  C(N),000,i«J0  cubic  feet  =  one  square  mile  covered  twenty  - 
two  feet  deep.  The  volume  of  lava  poured  out  by  Kilaiuu.  in  18  '■' 
eatiinated  by  Dana  afl  sufficient  to  cover  one  square  milt  of  surface  BOO 
foot  deepi 

Ghreafl  d< -miction  of  life  is  often  produced  by  volcanic  ernptUnu. 

Tin- overthrow  of  Hen  uluiioimi  and  Pompeii  by  ej.-ei urns   from    V'esu- 
vitis  is  well  known.     The  great  eruption  of  Skaptar  Jokull  destro 
1,300  human  lives  and  150,000  domestic  animals.      The  eruption  of 
Ktnu.  in  1660,  overwhelmed  Fourteen  towns  and  villages.    In  U 

ince  of  TombOTO,  out  of  a  populathni  of  l'-Vono,  mil\  r.w.-nt  v--i\  persons 
ied  the  great  eruption  ..f  1 H I ->. 
MontiCttle8-—  Kruptions  occur  not  only  from  tin-  summit-crater,  but 
also  frequently  from  fissure*  in  the  side  of  the  mountain,  liv  the  un- 
meiiM  upheaving  force  neooaauj  to  mi.se  lava  to  the  month  of  the 
.•rater  of  ■  lofty  volcano,  the  mountain  is  fissured  by  cracks  radiating 
from  the  oratU  in  nil  directions.  These  cracks  are  till.-.!  with  lara, 
vhich  on  hardening  form  radiating  dike*  vhicb  inter*  BOcnaWe 

l;iv.-:-  of  Qjectiona,  and  hind  llieiu  into  Q  stronger  mnan  (Fig.  7!>,  p.  94). 
Through  these  imsures  the  principal  streams  of  lava  often  pass.  During 
anoni|iii"n  of  Manna  Loa,  in  1803,  the  immense  prannm  Of  the  lava  in 
tin-  pi  inoipal  orater  flamed  the  side  of  the  mountain,  and  i  Bare  fount- 
ain of  liquid  inva,  l.oiio  foot  wide,  was  projected  apvard  through  the 
Baanre  to  the  height  of  700  feet,  and  continued  to  play  for  several  days. 

Upon  these  ii.-;-i i !-•■-•  subordinate  craters,  and  finally  oonea,  are  formed 

These  subordinate  about  the  base,  and   upon   tin.  the 

principal  eonc.  are  eulled  moii/irirh:,-  or  homitOt.      There  are  about  000 
iiiniiiiiiil.s  mi  Bona — one  of  them  over  700  feet  high  (dukes). 
Materials  erupted. — As  we  have  ulrcady  stated, the materials en 

.  UtVtt-silrrfims,  rim  •  ■-.  and  ;;> 

Stones. — In  explosive  eruptions  the  solid  floor  of  tin-  crater  is  often 
blown  out  with  violence,  and  roek-friigniciiK  .sometimes  of  vast  size, 
an-  throw 

Lava.— the  term  lava  is  applied  to  the  liquid  matter  poured  from  a 
volcano  during  eruption,  and  also  to  the  same  when  it  has  hardened 
into  rock. 

Liquidity  of  Lava,— At  the  time  of  eruption  the  liquidity  of  lava 


varica  very  much,  depending  partly  ujxin  tin.'  !i-,i(,  partly  on  tli.    • 

&  the  material,  mill  partly  upon  the  kind  offuritn.     In  the 
Hawaiian  rol  be  lata  i-  ..  melted  ghat)  almost  as  thin  as  hoi 

i  ..  d  thrown  i Hi' •  tin-  air  i<y  the  bursting  of  gaa- 
bubbles,  and  drawn  "lit  into  loDg  threads  like  spun  glass,  which  is  car- 
ried by  the  windsi  and  < ollecta  in  places  aa  a  soft,  brownish,  Lowy  mass, 
called"  w» 

Physical  Conditions  of  Lava,— Completely  fined  lava,  wl. 
rapidly,  forms  volcanic  flag  or  volcanic  ghu  on)',  bu    ii.ciol.il 

slowly,  no  that  the  aw  nerala  oi  tchi  h  ii  is  objnpand  have  time 

to  ■  ystallisa,  fenag atony  tow.    If  it  i.-  full  of  gaa-hnbblea 

Leni  in  this,  i  andithm,  it  forms  Heaii  ahr*  of  n 

If  the  quantity  of  gas  and  steam  be  •■' tv  great,  the  whole 

I  into  a  rock-fi-vl!i,  which  rises  to  the  lip  of  tin1 

I  rati-r.  :ind  outpours  much  U  poriM  Of  ale  from  u  bottlewhflB  Um  Cork 

i-  drawn.    Or  the  rock-froth  maj  be  thrown  violently  Into  the  ah*, and, 

hardening  ll  fail  again  in  outdare,  or  tcoruueom  masses;  or, 

-till  greater  violence,  the  rock-froth  may  be  broken  into 

line  ■' I'.-Jirs.    Ashes,  when  con  - 

dated  by  timi  water,  or  when  depoaitod  in  water 

■/.    Thus,  there  are  low  phj  teal  condition*  in  which  we  find 

lava — viz.,  .-/  MJ*,  >rurinrrunx,  and  tvfaCtOUi, 

Again,  the  liquidity  of  lava  and  it.-  i  r  depend  nmoh  on  the 

kim  I 'ii'.ii.n'-i' haa  bbown  that  nil  siliceous  rocks  and  -.- 

mixtures,  in  I  of  $uperhrated  teal 

Under preeaure, will  bi  -liquid. at  temperatures  far 

eoeaaaryto  produce  fcrae  fusion.     At  400*  Bnhr.$80ohTOo1i  i 

become    pusty,  at  800"  completely    liquid      'I  '  takes 

place  at  cwn  Iuwit  temperatures  if  a  little  alkali  be  present    To  dig- 

i  thia  liquidity  from  that  of  true  Igneous  fnaioni,  which  requires 

mperature  "f  bJiOQ'  lo  :}.oo<>°,  it  huu  been  called  ewa  etiot 

Now,  very  much  lava  at  the  time  of  eruption  n 

::;,.-;.    Snob  lava,  when  tin  preeaure  is  euddenlyremoTad  by 

■king  np  of  the  floor  oi  the  dthi  oontained water anddenl) 

i tit- <  ■•.'-.nil,  is  blown  into  the  fin<  -t  diut,  which  is  theuc-j' 

ight   by  the  out-rushing  Bteam,and  falls  again  ■ 

mdidatc  int..  tufa.     If  the  heal  be  notHuflicient  to 

aquco-igncous  fusion,  the  lava  i- 'mtpoured  asa  kind 

in«  <.f  unfiled  pari  fused  mas*,  which 

thy  kind  of  rock.     Or  the  material  may  pour  out 

only  as  bol  mud,  which  com  retea  it  to  a  kind  of  tvfa.    In  fact,  t 

'  fuaion  and  aomifnaion,  depending  on  t ho  degree  of  heat  and  Che 
■.   mat  be  traced,  from  perfect  igneous  fusion  through 
rariotta  grades  of  aquoo-ignc  >ua  fusion,  to  the  condition  of  hot  mud. 
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It  is  evident  that,  of  the  two  kind*  of  eruption  mentioned  ■ 
the  rjuiet  type  is  characterised  by  igneous;  fusion,  the  explosive  type  by 
i«ini'o.i^in-rms  fusion.     In  I  In-  former  the  heal  is  greet,  bat  the  *tnount 
of  water  is  8 mall ;  while  in  the  latter  tin  ten,  bttt  the  amount 

of  water  far  greater. 

The  rapidity  of  the  flow  of  n  lanrfratreona  depends  on  ita  fluidity;    In 
tin:  Hawaiian  volcanoes  the  lava,  where  it  issues from  the  crater,  baa 

i,      i'n  i"   flow  with  a  relocitj   <>f   fifteen  miles  an  boor;   while 
Yo.im.in  lava  uldom  flows  at  .1  rate  of  more  than   two  or  three  n 
un  hour.     I«;iv;i,  like  glass,  passes  through  various  grade.--  of  raflOBfl 
fluidity  in  cooling.      I'  gradually   lici   ma  10  still  that  it  muy  How  only 
:i  few   fi'i'l  pet  dajf.     'I'lie  froth  or  scum  which  cover*  the  *nifa 

lava->n.;nM  quickly  ooohi  and  hardens  into  u  crust  of  vesicular  lava, 

which  nut]  «■  \ * •  1 1  !><•  walked  upon  while  the  interior  if  still  flowing 
beneath.  In  this  way  IN  often  formed  long  •»' '■''•'.'" t.  Al.-o  the  run- 
ning together  of  the  contained  gae>bnhblei  and  steam-bubblea  ton 

huge  hlistcrs   in   the  viscous  111.1--,  which,  on  hardening,  form  oavil 

Often  of  groat  size.  Thus,  reoeal  lavas  have  often  a  cavernous  and 
galleried  atruutun  (page  Til). 

Classification  of  Lavas. — Mn<  tty,  lava  oonaiata  essentially 

of  feldspar,  augitc,  and  magnetite,  either  intimately  m.  in  glassy 

tara,  or  aggregated  in  more  or  less  distinct  particles  or  crystals,  u  in  the 
stony  varieties.    NowJfaldsper is  a  light-oolored  mineral,  bavin 
riiir  gravity  of  about  '.'•*>.  while  augite  and  magnetite  are  usually  \ 
dark-colored  minerals,  having  specific  gravities  of  abonl  0  •.     It 

u  evident,  therefore,  that  in  proportion  as  feldspar  prwlftiBtnotcB,  tin' 
lava  is  lighter  colored  and  of  less  rpeclfio  gravity;  and  in  pi 
aaangiteand  tnagnetin  predominate,  the  rook  ie  darker  and  bet  ■ 
Qhemloairy,  reldspar  \t  a  silicate  of  afaunina  and  alkali,  with  excess  of 
gilica  (add  silieate).     The  alkali    may  In  pota-sh.  and  tlien 

railed  potash  fif'j.*jir<r,  0E  orlhorfase  J  or  else  it  is  soda  and  lime,  and 
then  it  is  called  soda-lhiie  feldspar,  or  plaaioclase.  Of  these  two  the 
former  is  the  more  acid.      Augite  is  a 

iron,  with  excesa  of  ha.se  (hade  afllcate).    Therefore,  lata  may  be  di- 
rided  into  two  nlmaiw — aoidic  fanes  and  basic  hints.     In  the  former, 
:  [par  predominates,  in  the  latter  augite.     Moreover,  in  the  one  1  in- 
form of  feldspar  is  orthoclase,  in  the  other  plngioclnse.     Fur: 
seen  that  all  laVM  an-  nni/lijilr  HticaieS,  like  glass:   they  BTO,  therefore, 

troe  glaaa-mlztares.    Now.  die  lavas  are  a  more  difficultly  fnsi- 

ihe  besie  lavas  a  mora   sasi])   fusible  glass-mixture.     Either  of 
these  BW0  kinds  of  lava  may  n.i-l    in  any  of  the  conditions  mention. -il 
above — viz.,  as  stony,  glassy,  renoalar,  or  tnfaoeons  lava.     Tracks 
an  atnmplfl  of  acidic  lava,  and  basalt  of  basic  lavs  in  a  stony  condi 
Pumies  is  a  peculiar  vesicular  variety  oi  feldspathlo  lava. 


proluihlo  » 1 1 -i  t   the    fusion  fend   subsequent 
granite,  or  gneiss,  or  even  >>f  tin-  purer  varieties  of  mixed  audita 

.  would  ntukc  a  traehytit  lava;  while  the  fusion and  cooling  of 

tap  w«mi«i  |.r..din'  He  lava. 

Gas.  Smoke,  and  Flame. — The  gases omitted  In- vol  ■■,  prind 

pally  sit  jiui  (8  and  so,),  hydrochloric  at  id,  and  car- 

<i.    By  far  too  most  abundant  of  these  is  steam.     In  violent. 

BJeot  priiu-ijiallv  cinders and  ashes,  it  i     Ml  D- 

watar,  mostly  iii  the  form  of  itoam,  is  one  of  the  moat  abun- 
dant of  all  tin-  eijooted  material*  [naniel  hva-eraptionj,  like  those 
i>f  tha  H  quantity  ol  steam  ind  .mmj  is  small. 

It  i*  worthy  of  notice,  in  OonneotSon  with  the  position  «>f  poloai 
nc*r  the  sea,  that  the  gases  ejected  are  such  as  might  be  tbrmed  from 
sw»-watcr  and  from  limestone.     The  so-oalled  amoht  and  flamt  td  roJ 

m.    The  condensed  rapors 
the  ashes  suspended  in  tin  sir,  often  hi  loofa  onautitlaa  as  to  a 
i  noon,  form  the  smoke;  and  the  ml  g] 

of   the  fame,  reflecting  tin;  light  from  '  lava  beneath, 

is  the  apparent  Bai 

All  volcanic  ejections,  except  tlie  gases,  accutnulato  about  the  orator, 
increase  with  every  successive  eruption,  forming  a  sort 
Sometime*  the  cone  is  made  up  of  moon 
layers  «>f  lava,  as  in  Hawaiian  volcanoes;  somotimes  li  [a  made  np  of 
successive  layers  i  rs  or  tufa;  w  of  alternate  bjj< 

lava  and   tufa.      Stratified  materials  of  this  kind,  however,  can  not 
.  itli  thoBo  produced  by  the  action  i  in  the 

former  case  the  stratification  is  not  the  result  of  the  .turtimj  of  the  iiiu- 
■1& 

Kinds  of  Volcanic  Cones. — Volcanic  cones  and  craters  have  bean 

two  kinds    viz.,  eonee  »/  elevation  and  tones  of  trupk 

<  I  elevation  is  formed  by  interior  forcai  lifting  the  crust  of  tl  o 

earth  at  a  particular  point  until  the  la  :  Us  and  forms  a  crater, 

iffh   which    i  take   place.       It    Hi    an  carth-htistrr   vhiefa 

«wel  eaks  at  the  top.    A  cone  of  eruption,  on  the  other  hand,  la 

formed  by  the  aocumnlation  aronnd  a  crater  of  its  oirn  ejection.    Thi  re 

has  been  much  disc  og    physical   geologists  as  to 

>  -  are  formed  mostly  by  the  one  method  or  fcl  a 
We  will    not  enter  into  this  ili.si   i*  inn        li  probable, 

:it  moat  cones  are  principally  cones  L>f  eruption,  ulthough 
have  been  im  i  mewhat  also  by  o 

Mode  of  Formation  of  a  Volcanic  Cone.— A  volcano  ci  lee— 1. 

i  ahnple  •  earth's  crust,  in  most  cases  with  little  or  no 

•fevation.     Through   this  opening  or  orator  aro  ejected,  from  timi  to 
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t i tii.-,  lava,  cinders, ashes, etc.,  uhich  accumulate  i  mined  iat.el_v  about  tin- 
Crater,  and  continue  to  increase,  lj\  ivaj  layers,  with  vn  1 1  •  rup- 
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Flu.  77.— Section  »n»i  1  lavt  nil. 

linn.  Ejections  of  pun;  lava,  particularly  if  llir  lava  ia  v.  rv  fluid,  furm 
a  cone  of  broad  base  and  low  inclination.  Thi3  is  the  case  with  the 
Pal iflo  volcanoes.  Kip.  77  is  a  section  through  Hawnii,  showing  the 
elope  of  the  pure  lava-cones  of  Mauna  Loa  (/,),  oearly  14*000  Beet 

lii"!i,  nml  of  Manna  B   a  (A").      Tufa- 

cones  and  oinder-oones  (Fig,  78) 

a  much    higher  angle  of    slope.      % 

Willi  cviTv  eruption  the  powerful 
internal  forces  fissure  the  mountain, 
in  linet  radiating  from  the  crater. 
These  fiararea  arc  filled  with  liquid 
lava,  which,  on  hardening,  forma 
radiating  tlikrx,  intersecting  the  layers  of  ejections,  and  binding  them 
into  a  more  solid  mass.      Fig.  ?d  shows  how  these   dikes,  rendered 


Flo.  78.  — Section  of  Cinder-Cone. 


Flo.  TO  —  nilcM  »t  the  Bm*  of  Hw  Sem  i1cl  Si. initio.  Etna. 
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mora  visible  on,  intersect  the  strata.    3.  After  a  time,  win  n 

the  mountain  has  k'rown  to  considerable  height,  the,  force  necessary 
to  raise  liquid  lava  to  the  lip  of  the  crater  becomes  so  great  Unit 
it  breaks  in  preference  through  tin-  Banired  Bide*  of  Kb  tain. 

The  secondary  craters  thus  formed  immediately  commence  to  make 
accumulation-  ■round  themselves,  and  thus  form  *<<-t>itdary  cones  (Fig. 
),  or  monticules,  about  the  base  and  on  the  sides  of  thcprimury 
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t'\„.  m     tMflqpal  Volcano,  (hawing  Moullculc*. 

[i  j!  seoondarj  cone  becomes  extinct,  it  is  finally  buried  (Fig. 
if  tlit-  primary  cone.     1.   Finally,  in  volcanoes  of 
the  explosive  type,  during  great  eruptions  the  vhale  top  of  the  mount- 
ain is  often  blown  off)  and  in  volcanoes' of  tin. )  quieter  type  is  melted 
'all*  in — in  either  case  font  ■  within  which,  by 

subsequent  eruptions,  another  smaller  boxm  of  eruption  is  built  up,  and 

in  In  often  n  still  smaller  cone  is  again  built.    Tin-  ruif-witliin- 

letnre  is  wall  illustrated  bj  the  pretenl  condition,  and  still 
r   bv  the   history,  of    v*osnTina      Vesuvius  is  a  double-peaked 
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Via.  81.— S4TIIMU  ..f  V.  -iiiIik  arid  Monut  Suiniui. 

micircolar  valley  betwaan  the  peaks, 
present  aetiv.  eone  of  Vesuvius  is  encircled  bye  ruopi  bigh 

md  called  Mount  Somma,  but  traceable  to  bod  ee  all 

around,  and  having  the  same  itrm-'in.  ram- 

part is  the  remains  of  a  great  crater,  many  mike  in  diameter.     Fig.  81 
is  an  ideal  section  through  Mount  Somma  (N).und  1>  |  V).    8* 

is  the  almost  obliterated  remains  of  the  old  crater  on  the  oi ! 
This  is  further  and  beautifully  illustrated  by  the  history  of  this  mount- 
ain, whi'  ipeated  destruction  and  rebuilding  of  the** 
cones  within  coin".     Fig.  82  is  an  outline  of  Vesuvius  as  it  existed  in 

.  ounl  Sot 


*  8ft'  ,  \  Majpixinr,  toI.  nv.  p.  139. 
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Many  other  volcanoes  are  known  which  li  i  r  circular  ram- 

parts made  tip  of  luvcrs  of  voloania  ejections.    Otic  of  tlic  most  remark- 


Kin.  w.— Mount  V»»tnln»  In  IIM  mrurScroiw). 


able  of  those  i-  Barren  bland,  in  tlio  Bay  of  Bengal  (Fig.  83).  Tho 
difference  between  this  and  VTeeuviiii-  L-,  ihitt  the  circle  i-^  more  com- 
plete.* 
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Kiu.  M.— 8«clion  htom  IUirrn  J»lnnrt  tnftrr  Mnll.MV:  tt  wlml,    Tlie  doited  II  nr  Is  miflt-d  to 
■Iww  tlie  tujipoavd  funnrr  n 

Comparison  between  a  Volcanic  Cone  and  an  Exogenous  Tree.— It 
la  evident]  tli.cn,  thai  a  oone  of  eruption  grows  bj  layers  boo 
applied  on  the  outside.    Bo  motor*  and  growth  it  may,  there- 

fore, bo  compared  i"  an  exogenous    tree:  l.  As  tho  sap  aaoenda 
through  tho  center  of  tlie  shoot  ami  iIi-m-i-ihIs  on  the  enfant]  \  forming 

layers  of  » I,  <nit.<i<lc  of   the  other,  ;u  ix-aainsj 

.  v,'i»r  the  height  and  the  diameter  of  the  tree 
in  a  volcano  lava  aaoenda  through  tho  center  and  i 
over  the   mit.-ddc,   f t»nii iiij_r  .    in- 

creasing both  the  diameter  and  the  height     ■•.*. 
•I'fiion  of  a  tree  shows  concentric  rnuu  ai 
:.  84)  a  central  /nili,  and  is  traversed  bj piih-r 
so  a  cross-section  of  a  volcano  would  show  a  central  orator,  with  con- 
oontrie  layers,  traversed  bj  radiating  dikes.    :*.  As  on  the  pith  •rap, 

where  they  emerge  upon  tlie  surface,  ansa  bud*,  wliieh  grow  in  |  m.iri- 

amUa?  to  the  tronlt;  soon  the  radiating  dikes  are  formed  monti- 

*  Mi vllii.it  nnd  Mandfonl.  Manual  nf  Gtokqgi  of  Iiidlo,  p.  786. 
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rules,  whl  like  the  principal  ooite,    If  boda  die,  they  are  cov- 

ered up  ii  D  111  layen  of  the  trunk;  BO,  in  tike  bun 

ii  tin.'  layers  of  1 1:  ';il  cone. 

Estimate  of  the  Age  of  Volcanoes.— The  ago  of  exogenous  trees,  as 
is  well  known,  may  be  estimated  by  counting  the  annual  rings.  The 
age  of  \olcaiiuci  can  aol  be  estimated  accurately  in  a  similar  manner: 
I.  Beceti  regtdariy  periodical;  ■•.'■  Because  ha 

the   aiso   of  i  iikiiiv    c, 

corn;'  ;  and,  8.  Because  il  is  impossible  (<■  make  a  oomplets 

of  the  mountain.    Nevertheless,  Nature  gives  aa  pari 
lions,  which  reveal  an  almosi  incalculable  antiquity    Tim.-,  the  S 

i,  of  Etna  (a  huge  valley  reaching  from  near  the  summil  to  the 
fiMtt,  nml  ]>roliuiily  fonned  by  an  ingulfmi  ai  of  a  portion  of  thi  mount- 
ain), gives  a  perpendicular  section  into  the  heart  of  the  mountain 
SflQQ  of  thin  section  the  mountain 

■  A  of  layers  of  lava  and  cinder*.    It  isihnosl 

hole  mountain  to  itsTerj  base,  ii.tmu  feet, 
loasd.    That  the  tiro  rry  to  ac  in 

high  and  nlnet]  mHesin  circumference  at  the 
,wu  almost  i  great,  i*  shown  by  tin'  fact  that  Etna 

already  attained  1  •.•are 

i,  when  it  was  observed  by  the  earl  writers.    TJielaTa-etaeam 

1  nia.nn  in  tlo*ir  march  againd    Syracuse, 

war*  •  i . : ■  •!■   <  iirisL,  n  i  n-rfne^  BOl  JPSl  bj 

.:    .  uptions.     \t.'i  yel  Etna  belongs  bo  the  most  recent  gee 
logic:'  .  for  il  has  broken  and  is  built  anon,  the  newer 

rata.  ^yT 

Thtiirij  of  1 

In  the  thi  t'.  i .f  volcanoes  thi  re  are  two  1 1 > i n ir«  to  be  accounted  for, 
i    i  i  nenery  to  raise  united  lava  to  the  Upa«'f  'I 

projeot  it  with  violence  high  into  the  ail  j  '-.'•  T 
iry  u>  fuse  rocks  anil  form  lava. 
Forte.— The  ape  shout  8*5  to 8,  it  would 

i   nf  one  atmosphere,  or  fifteen  pounds  to  the  BQUB 
•  >f  vertical  elevation  of  the  liquid 
mass.    The  following  table  gives  the  |.r.T--nr-  in  atmospheres,  for  four 
weU>known  voh  anoe*,  aaaumin^   the  point  of  In  equilibrium 

to  be  at  the  sea-lerel : 


MA  UK. 

UclxbL 

Prawurctn  M 

S.BOO  (fed 
l!,Cx 

tS.MK)     " 
W.SfiO     " 

:  H 

B20 

L.IBC 

t 
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The  lava  is  often,  however,  in  a  frothy  or  vesicular  condition.     In 
.  the  pressure  nooaaimrj  to  produce  overflow  would  be  nracfa 

Hut.  on  'In.-    ithM  hand,  the  force  in  mosi  ra-e.~  is  mil.  mil  . 

lift  lava  to  the  top  of  the  crater,  but  to  project  it  thousands  of  fr 
the  air.      A   roek-maSS  of  over  2,700  cubic  fool  was  projected  from  the 

cralcr  of    Cotopavi   to  a  distance   of  nine  mile.'.    (Lycll).      The  n;j<  t</  of 

this  prodigious  force  la  evidently  gas  and  vapors,  especiaUj  steam.    The 

l|   i|ii.iiilil\  of  oittg   from  :ill  volcanoes,  tint  .•.-] n  <  iallj  from 

l!  llf  tllC  CXjlIoMVC  type.  I-  Mlllicll'lll  proof.  TIlllS  fill'  till'"!]-!-  gen- 
erally ;miv<-.  Inn  I'vorn  this  point.  i.|>immi-  diverge  into  the  DaOSl  OppO< 
site  directions. 

The  Heat.— There  are  many  and  diverse,  opinions  n  to  the  eenres  of 
the  heat  associated  with  volcanic  eruption*.    Tun  prominent  views, 

however,  may  lie  .-aid  U)  divide  geologists.  According  tO  the  uitr,  tin- 
heat  is  the  remains  of  the  primal  heat  of  the  once  in. 

i  earth;  according  to  the  other, the  heat  is  produced  In 
or  mechanical  action,    According  to  Ac  former,  the  heat  in  general,  and 

only  the  access  of  water  is  local  ;  ac -ding  to  tho  latter,  both  the  heal 

and  thi!  access  of  water  are  local.  According  to  the  former,  volcano*  - 
are  openings  through  the  comparatively  thin  crust,  revealing  the  uni- 
versal  interior   fluid;  according   to  the  latter,  they  are  openings  Into 

isolated  interior  lakes  of  molten  matter.  The  former  may  be  called  the 
"  interior  fluidity  "  theory;  the  bttar  divides  into  two  branches,  which 

may  he  called  respectively/  tl chemical n and  tho  "mechanical*  the- 
ory.    In  all,  access  of  water  to  the  hot  interior  famishes  the  fi 

Internal  Fluidity  Theory.— Tin  nth,  from 

its  Original  incandescent  Condition,  slowly  cooled  and  formed  a  Mir 
crust;  that  this  surfjn  e-erust,  though  ever  thickening  by  additions  to 
its  interior  surface,  is   still  cm  pa  rat  iivly  very  thin,  and  I 

incandescent  liquid;  that  by  movements  of  the  BUT- 
face    the  solid    crust    is    lissnred,  and  water  from  the  sea  or  from  other 
sources  finds  its   (raj    to  the  incandescent  liquid  mass,  and  develops 
ntlicient  to  produce  eruption. 

By  thhl  view  the  focus  of  volcanoes  is  situated  at  the  lower  limit  of 
the  solid  cni>t..  The  theory  seems  clear  and  simple  BnOUgfaj  Imt  v.  lu-n 
closely  examined  there  are  many  difficulties  in  the  way  of  its  ucccpt- 

aaoa 

Objections.— The  objections  to  this  view  are :  l.  That  the 
already  shown,  must  he  far  thicker  than  this  theory  requires,  probabrj 
hundreds  of  miles  thick,  if,  indeed,  there  be  any  general  liquid  int> 
at  all ;  but  volcanoes  are  evidently  very  superficial  phenomenal    Under 
tho  pressure  of  Qua  difficulty  those  theorists  have  been  driven  to 
acknowledgment  of  local  thinnings  of  tho  solid  crust  in  the  region  of 
roles -.->. 
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i  'reasiirc  on  a  general  interior  liquid  from  any  eausc  at  any  plfti  a 
would,  by  the  law  (if  hydro  I  equally  U>  every  jmrt 

of  ti  h  would,  therefore,  yield  el  tin m eaketf  point,  wher- 

iv.  r  tliat  muv   be,  even  though   it  be  on  tin-  opposite  Bide  of  tin.-  gfobt  j 

of  voicMtiU- <Tii]ition  ia  . '. ni.-i.tiv  :-.i,i  beneath  oaao< 

8.  Volcanoes  belonging  to  the  seme  groups  end  therefore  near  to- 
pi   independently,  u  if  each  had  its  own  rescrvoii  >'f 
liquid  matter.     The  pressure  of  these  two  objections  hue  driven  many 
i  of  a  sort  of  hotuy-eomltd  rtmaina  of  the  Interior 
liquid  inclosed  in  the  solid  orust,  and  now  tainted  both  from  the  inte- 
rior liquid  and  from  each  other. 

4.  There  h  a  limit  to  the  descent  of  water  into  Um  interior  of  the 

earth]  gravity  urges  it  downward,  bot  tfie  interior  beet  drivea  it 
back.  The  limit,  therefore,  will  he  when-  these  two  balance  OOOfa 
other,  i.  e.,  where  the  elastic  f<  ros  Oi  Steam  is  equal  to  the  superincum- 
bent column  of  water.  We  will  call  this  po&nt  the  limit  e/  VOleWtii 
ictttrr*.  li  h  svideol  thai  s?hen  water  was  first  condensed  on  the  cool- 
earth,  this  limil  vasal  the  surface;  water  could  not  penntcate  at 
ell.  j\s  the  BOlth  cooled,  this  limit  became  (teapot  nd  i •■  i-  t  |  i&d,  if 
the  earth  became  perfectly  cool  to  the  center,  then;  is  lilt !«•  doubl  thai 
the  whole  of  the  water  on  the  earth  would  be  absorbed.  This  is  per* 
imp*  the  ease  with  the  moon  now. 

Kwma  probable  that  at  the  limit  of   volcanic  water  ti. 

t*>rior  heat  of  tin-  earth,  increasing  at  the  rate  of  I*  for  ovary  fifty  hat, 

would   be  fur  BBOrl  of    tin  MOMUj   for  ignOOOl  fusion  of 

rocks.  Again,  the  elastic  force  necessary  to  sustain  the  enperin-  niip> 
bent  rw/rr  would  by  no  means  be  Hiiflicii'iit  to  break  up  the  crust  of 
the  earth,  or  r  ed  lava  to  the  surface. 

Bat  <ro  will  not  parane  tin.-  subject,  as  it  is  too  eomploa  bo  be  rol 

lerefore,  on  the  first  three  ohjoetiona. 

Chemical  Theory. — Whether  or  not  the  earth  consist  of  aolld  orool 

an  interior  liqnid,  it  almost  certainly  consist*  of  an 

cm.-  'trrior.     Now,  the  oxidizing  agents  ur- 

water  and  air.  and  therefore  the  limit  of  the  oxidised  crust  is  the  limit 

Then-fore,  the  oxidizing  agent  and    the  nnoxidisod 

mat'  ose  proximity,  and  the  1  rer  encroaching  on  the 

latter,  and  therefore  liable  at  any   moment  to  set  up  chemical  action, 

of  which  would  \iiiv  with  the  nature  of  the  material.     If 

lion  Ik-  intense,  li-.u  may  be  formed  sufficient  to  fuse  the  rooks 

elastic  force  necessary  to  produce  eruption. 

•d  form,  the  chemii  j  seems  plausible,  but  many 

o  give  it  more  definiteness.  and  to  explain  the  special 

use  volcanoes.    The  most  celebrated  of 

the*  thai  of  Sir  Humphry  Davy,  who  attributed  it  to 
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flu    contact  of  water  with  metallic    i  il :«■■•  -iniii.  sodium,   calcium, 
magnesium,  in  the  interior  of  the  earth.     In  such  definite  forms  the 
theory  Monu  far  loo  hypothetical. 

Recent  Theories.  —  l.    Aqx  ma    Theory.    A<vminila;ion  of 

i-a-Uittoms   would    necessarily  pn ..hi .vvi -pointing  rise 

>l  liurms,  ami  i  i  iitcrieir  heal  •  >!    tlie   earth  would  invade 

tin    nduBOBtfl  'wih  tlurir  contained  waters.     The  lower  portion  uf 

nun!-  in. foot  thick  would  be  raised  loi  I  nxs  of  about  BW 

Kaln-.,;iiiii  i if  40,000  feet  thick  (sediments  of  this  thickness  and  more  are 
known)  to  that  of  000°.  This  temperetnxe,  or  even  a  less  temperature 
if  alkali  be  present,  would  bo  sufficient  in  the  presence  of  tin.-  contained 

;•  df  the  .--*.-■  I i i n .  nt-  t<.  produce   complete   aqUSOHgneOl  and 

probably  to  develop  elastic  Eoroe  raffieient  to  produce  eruption.    1 

view  was  first  brought  for  ward    by  Julm  I  Irr.vhrl.     Obsei  i  Ins 

'ure  iiuti  the  curresp-MhJin_'  fni'r,:  w.oilil  Ij,-  -r.tdn.i  !     ped 

us  tin'  aooutnttbition  progressed,  until  sufficient  toproduee  these  off 
Observe,  again,  thai  In  this  cosh  the  water  does  rjut  seek  the  heal  bj 
dttemding  (the  difficulties  In  the  way  of  (his  we  have  already  seen), 
In  host  seeks  the  already  imprisoned  water  byusi 

Itaeeiiis  vi.'i-v  probable  tliat  cases  of  eruption  of  hot  mod  and  of 
aqueo  igneoualy  fused  lavas  maj  be  aeoOunted  for  in  this  way,  but  the 
tempo  rut  tire  would  not  be  sufficient  to  account  lor  true  igneou 

■i.  Mtcheniool  Theory. — Aa  we  shall  explain  hereafter    (p.  263), 
them  h  much  reason  to  believe  thai  the  interior  of  the  sarii 
traoting  mora  rapidly  than  the  exterior,  and  thai  th  thus 

necessarily  thrust  upon  itself  by  irresistible  horisontel  pressui 
oordJng  '"  Mr.  Mallet,  the  crushing  of  the  roi  kj  orust  in  places  under 
this  preasnre  develops  heat  sufficient  to  fuse  the  rooks,  and  tu  produce 
eruption.    Hut  it  is  at  least  doubtful  whether  the  beat  thus  gi 
would  alone  be  sufficient  for  this  purpose. 

;:i.  Timing  e/  BuptrJuaUd  Ottwa, — Rev.  O.  Fisher  has  advam-rd  % 
viewwhich  dessrves  attention.     He  thinks  volcanoes  are  vents  throi 
which   Issue    from    the  earth 'a  interior   superheated  steam  anil  gases, 
melting  the  rocks  in  their  course  and  ejecting  them  by  their  \ 
me.     taoording  bo  this  Hew,  the  vuA  derived  from  the 

face,  but  is  original  and  constituent     This  view  is  independent  of 

the  condition  of  the  earth's  interior,  whether  solid  OT  liquid;   for  a 
tsmpsruturs  which  would  permit  solidity  at  great  depths  would  pro- 
duce fusion  under  less  pressure  near  the  surface.*    The  Bun  ma] 
regarded  ai  ■  glohe  in  an  earlier  rod  more  active  stage  of  m 
Knnii  its  interior  gases  are  seen  to  issue  in  great  quantity,  aud  ah 

DOS  -l.mtlv. 
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•J.    /'  assume  tin*  rxis:« ■:,<<•  .if  a  siil^rust 

lUTal  crushing  of 
ubiedly  occurs  in  n  a-making,  would  sqiwoM  the  liquid 

I  rough  flarara  to  the  mrface,  producing  tin 

orning  in  contact  in  its  apmrd  course  «iili 
tcmuuao  watere,  especially  Abundant  In  the  Baaured  and  cavernous 
it  lavas,  would  develop  steam  end  therefora  viol 
expi< 

BMMSJA 

/  gprittgi  ,  wlfaUtnu,  J^tmaroUt, 

,  and  •..■'•,•■■•>.■■.  ill  secondary  phenomenal i*  «•., 

tion  "f  nv 
-.     Or  perhapa  In  cases  the  heat  may  be  produced  by  slow 

-hing  by  horizontal  pressure,  u   exi»ls»in«<l 
. 
GeDeral  Explanation.— Tin.  k  itponred  tram  vol* 

!  in  their  interior  for  an  incalculi 
ng  through  t li«-.-t-  acq  it,  and  comae  up  agm 

hoi  :  or,  if  in  addition  it  contains  lime,  a*  Ihne-depoa 

••r,  if  it  contain*  carbonic  acid,  as  carbonated  springs; 
i      lulphuroua  acid  and  sulphurated  hydrogen,  as  wlftttane. 
la  vapors  issue  in  abundance  so  as  to  make  an  apt 
of  smoke,  they  »r>.  called  fnmarolea     li"  <\.^  hoi  water,  brings  np  with 

about  the  rent,  tin  a  li  a  a  m 
mudVroloano.     1;'  the  hi  o  thai  violent  eruption  of 

place  periodically,  omes  a  geyser      WT<   have 

aires  ;en  of  carbonated  lime-depositing  springs   (p.  ',',).     We 

i  again,  under  the  head  of  the 
spook  of  solfataros.    The  only  one  which  need  detain  us  now  is  geysers. 

MT|. 

11   u  />r/-' 

•eraarefoun'  land,  in  the  Yellowstone  Park  of  the  Uni 

ill.    The  so-oafled  goysers  of  California  are 
rather  fnmarolea.    Those  of  Iceland  have  ,  we  will, 

■  rut. 
u. 1  i-  a  plateau,  with  n  narrow  marginal  habitable 

The  interior  plateau  i  ai  <»f 

action,  ria.,  lava-eruptions,  atdfataraa,  mml- 

volcantK'*,  hot  springs,  and  geysers.    There  arc  several  handled  vents 

of  all  kinds  in  comparatively  BmaU  mong  which  are  many  gvy- 

«l  tlri/.trr.  has  lung  attracted  attention. 
Description. — Tin  a  basiu  or  pi».l  fifty-su  f 
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with  perfectly  transparent  wafc  lug  a  temperature  of  about  170' 

Phenomena  of  an  Eruption.—  I  I.  preceding  Qm  erup- 

ting  arc  heard  beneath,  and  [nibbles  rise  and 
break  DO  ihu  surface  of  the  water,     i.   A  bulging  of  the  anrfai 

ii  1  the  water  outi!--**  Uia  burin.    9.  [mmediatelj  thoreafter 
B  of  the  water  ia 
tlic  tntw  ami  basin  is  shot 

upw.  I  feet 

i.  forming  a  fountain 

«>f  dazzling  splendor.    4. 

The  eruption  of  water  is 

by 

pe  of  steai ii  with  u 

:  l.i -i. 

phenomena  an  n  p 

.  ■    ■  ■ .  so    thai 
ml     . 

!    the  water   ia   raffl- 
o  .  .■.  ,  ai 

ption.    The  level  of  the  water  After 

■■-■lit    feet  in  tin-    lube        Hie  (re<|iieiicy  of  the 

nunuhiug.     In  1804  it  waa  oncseTory  hnorj  now 
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I  dare  often  elapse.*     Throwing  large  stones  into  tho  tube 
jing  in  the  eruption  more  quickly. 
lowstone  Geysers — In  magnificenci  of  geyser  displays, however, 
and  ia  far  surpassed  by  the  geyser  basin  of  Firehole  Hirer. 


LI 


TU-!  Tnitwn  i»flrr  II 


•  D«t»l/r*.-,  .  vol.  xix,  p.  42»,  1898. 
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manner  by  deposits  of  the  same,  in  the  torn  at  scalloped  embrotd 
act  with    pearly  kuberelee;    in  others    the  silicons  deposits  take  tin 
most  fantastic  forms  (Figs.  85,  80,  87).     In  some  places  the  silica  is 
deposited  In  targe  Quantities,  three  or  four  bushes  deep,  in  ■  ge 

condition  lihe  starch-pasta  Trunks  and 
brunches  of  braes  immersed  in  these 
watr:  iv  petrified. 

We  can  only  mention  ;i  f'-w  of  the 
grandest  of  thi  in 

1.  The  "Grand  I  .iccordin. 

llnyiii-n.  throws  up  a  column  of  water  six 
toet  in  diamatar  to  the  height  od 
feet,  while  tho  steam  ascends.   1,000  f«.tt 
or  mora    Theeruption  is  repeated  ever| 

thirt.y-t.wn  li.nn.-.  and  lasts  twenty  miti- 
irtee.      In  a  elate  of  on 

uire  of  the  water  at  the  surface  is 
about  160*. 

i,  Tl Giants  ■■- "  throws  Op  a  large 

in  diametef  to  a 
height  of  sill  sod  thro 

great  mass  it  shoots  up  five  or  six  lesser 

bo  a   height  of   860  feet.       It.-  ..mil- 
lion.-! art;  tit  fill  but  last  sometimes  st 
hours. 

8,  The  "Uia.u"  (Kg.  B8)  throws  a 
.mIiiimii  tivo  feet  in  diameter  MO  toft 
high,  and   plays  i  For  three 

hours. 

4.  The  «  Bee-  Hit*  "  (Kg.  Bfl),  so 
oalle  md,  shoots 

ap  a  splendid  column  tiro  or  throe  reel  In  diameter  to  the  height  by 
measurement  of  819  feet,  and  plays  Bftoen  muni 

5.  "Old  Faithful,"  so  called  from  the  free, "1  regularity  of 

its  eruptions,  throws  up  a  column  siv  fed  in  diameter  to  the  height  «f 
luo  to  160  Eeel  regularly  ererj  hour,  and  plays  each  time  Bftoen  minutes. 
Theories  of  Geyser-Eruption.— The  water  of  geysers  is  not  rokeak 
er,  but  simple  fcpring-watei       \  not,  therefore,  a  volcano 

sjeo  ar,  hot  a  true  spring.    There  has  been  much  specul 

eonoernixig  the  Banes  of  their  truly  wonderful  eruptions. 

Mackenzie's  Theory. — According  to  Mackenzie,  the  eruptions  of  the 

•at  CJpyscr  ma)    In-  ueenunted    for  h\   supposing  its  pipe  connooted 

hi    ii    narrow  conduit   with   the    lower  part   of   a    BubfaUTanean  cave, 

ose  walla  are  heated  by  the   near  ricinity  of  volcanic  fire*.    Fig. 


-ronni  of  Ch-tht 'Crater*  lnrt«r 
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rio.  Bl.— Mickwuto'a  Tlwory  uf  Breirtion. 


igh  ili.'  i:i-in,  tube,  ami  stipposcd  cave. 
Won  mic  rater  should  ran  into  ttu  save  through  fissures  more 

rapidly  than  it  ran  evaporate,  it  VOOld  BOOnnaulatC  BXlli]  il   rose  above, 

•■■gat a.    The  steam,  now  having  Doont- 
i.i.  would  oondsu  ohsmber  b  until  ita  pressors  raised  the  water 

.1  caused   it   to  overflow  the  basin.     The  pressure  still 

'il  the  water  3 

•  driven  out  of 
parti;  ii] > 
the  pipe.  Nov/, 

tained  the 
■  column  ';  (/  iroold 
.   hut 
njeet  wiih  rio 

.110/.      '! 
i  escape,  ( 
would    cool,  and 
ol     ' ji i ii- 
Slow.        If   there 

i  ::i  I  -rluml,  Qtifl  would  he  rightly  considered  a  ■ 
foi  m  ithout  doubt  W  1 1 1 :  i  ■.  I 
of  a i  I  conduit  ,--(i  oonetraoted  :■-  to  account  Cor  the  pnenonn 

there  are  mai  •  in  [oelandi  and  it  ia  inoonoeh 

that  all  of  thorn  should  have  cares  aim   conduits  so  peculiarly 
itad.    Thi-  i  in  lerefore  entiraij  untenable. 

Bunsen's  Investigations. —  Tin-  int  ona  uf  Bunaon  and  his 

on  ;m>l  tli.'  formation  of  geysers  are  among  the 
moat  beautiful  illustration*  of  scientific  induction  srhioh  we  ban  in 

aps,  more  folly  than   iw  strict 
nl  in 

.i  <»f  hot  springs  il  I.      1. 

!!••  aacertained   thai   ■  iter  i<  meteoric  rater,  containing  the 

natters  of  the  igneous  rocks  in  the  vicinity.     He  brined  idea- 
tion! water  by  digesting  Iceland  rocks  in  hot  rain-water.     •.'.  lie  a 
■<l    that  then'  are  two  kinds  of   hot    spring.*  in   Iceland, 

i,  and   that  only  alkaline*! 
n  any  sill  lion.    The  reason  ia  obrioua; 

alkaline  waters,  especially  if  hi  B  natural  iliea.     '3. 

rteined  that  <  ijfyittr*.     1 1 

iru|K>rtant  step  taken — oiu  m  of  ^cyser-foniiaiiun  disco* 

if  silica  is  necessary  to  the  c 
tabi  -  no!  an  -hut.  but  is  built  i  own 

I'd  springs,  only  thote  with  <!•■  erufi — 

anotl  .  i  i  ntrary  to  ■  .  the  silica  in  aolu- 


AUnov 

Bolllni  Mix 

1     AlttlOS. 

1     •• 

t     * 

4 

•j:'.  , 

i  i"n  does  not  d  po g,  but  only  by  drying.    Tin*  would  n 

tiir  building-up  »f  ■  geyser-tnbe  n  inoonoe  rablj  dov  process,  and  lite 
time  | ii i ij H H  liiiiiallv  long     ••.  The  temperature  i>f  tin-  water  in  the  b 
was  found  to  be  usually  1*0°  to  180 *j  and  thai  in  th 
rapidly,  though  mil  regrdariy,  with  depth.    Moreover,  the  temporal 
both  at  the  surf.-to    ind  at  .ill  depths,  Increased  regularly  as  the  dmi 
eruption  a|>|tn>iiilir(i.    dust  before  the  eruption  il  wee,  ut  the  depth  "( 
about  torty-fli  wy  dmf  the  boiling-point  for  thai  a\ 

Theory  of  Geyser-Eruption— Principles.— 1.  Ii  in-  well  known  thai 
the  boiting-poini  of  water  rises  as  the  pressure  increases.    This  is  Bfaowii 
in  the  adjoining  table.    B.  It  follows  f nun  the 
above  thai  if  water  be  under  strong  pressure, 
and  :it.  high  temperature,  though  beloi 
boiling-point  Cor  that  pressure,  and  the  press- 
iiiv  in-  diminished  tnfBeiently,  it  will  inamedi 
utoK  Bash  into  Bteara.    8.  WTatei  heated  be- 
neath, if  bfae  circulation  be  unimpeded,  b 
nearly  the  same  tampemtme,  throughout    Thai  ii  i  ante 

temperature  precisely  is  shown  by  the  circulation  itself,  which 
by  difference  of  temperature,  producing  difference  in  det  The 

phenomenon  of  simmering  is  also  a  well-known  6Yid<  nc thSt  lifler- 

enoe  of  tempi  inoe  it  is  produced  by  tin-  collapse  of  it< 

u.v-  rising ini<>  th-  •  c .. .1.  i-  water  above.    4.  But  if  the  circul 

nrhen  i  In-  waiter  Is  oonfained  in  long,  narrow,  Irreg 
tabes,  end  heated  a  ith  great  rapidil  | .  the  b  tnpi  rature  may  bo  gr> 
i. -i  mi  than  ibovc  to  any  extent,  and 
the  bofting-pohii  may  be  reached  in 
iIp-  lower  part  of  the  lube,  while  it  is 
fat  fi  m  tin.-  point  in  the  upper  part 
Application  to  Geysers.— We  will 
luppo  i"  in  1 : . i •■  i -  .i  simple  but    - 

•     :ular  lull,'.  Without    I 

below  by  volcanic  fires,  or  by  still  hoi 

rolcanio  How,  we  have  al- 

readj  seen  that  tin-  temperature  of  the 

•  in  the  tub  ipidlv  with 

i  In-  depth,  but    is,  at    evi-rv  depth    to 

irhich  ob  ds,  ibort  of  the 

boiling-point   for  that   depthi     Let 

ShSCi    -  "  '/    (  l'"l-       VI)     re|ile-ent.    depth 

in  the  tube,  and  tho  pi  ;  and  the  corresponding  bemperatore  be 

measured  on  the  ordinate  a  «.    If,  then,  a  ft,  b it,  e  </,  represent  i 
depths  "f  thirty-three  or  more  feet,  which  i   equal  to  one  atmoapi 
pressure,  the  curve  ef  passing  through  212*,  8&0S,  270*, and  Ma*,  at  the 
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ratal  tinea,  two  atmot 

utii.  .  would   correctlj    represent   the   [tuffoaaing  boiling* 

points  as  we  pans  downward.     We  --li.il  1  rail  bbu  tin 

The  tine  a  g  oommeaoing  nl  ut  its*'  .  ami 

Loallyap  g  the  boiling-point  line,  bul  in  it, 

would  represent  the  actual  temperature  in  b  v,i> 

U  call  thiaMt  tin*  of  actual  lemp<  Uow,  Bv  keen  bond  that, 

mb  tho  time  «f  eruption  approached,  the  temperature  at  every  depth 
spprow  bed  the  boiling-point  for  tlmt  depth — i.  <•.,  the  line  «  {/  mon  d 
.  ue «/.     i  no  doubt,  therefore,  that!  a1  the  moment 

■  :;nn.  at  some  point  below  the  reaoh  of  observation,  the  line 
I  eg  the  line  a/"— the  boiling-polnl  for  thai  depth  leaett 
reaM"  scou  as  ire,  ;i  quantity  of  water  in  tin  low  por- 

or  perhaps  area  in  the  nbtorraaean  ohannela  vrhii  h 
ibe,  would  beohanged  Into  steam,  and  the  expanding  i 

lOlumQ    of    Water  in  the  tnl>i\  and  rause  tin-  water 

in  tin'  basin  t<i  btdgtand  At  soon  us  tho  water  orarfli 

.  •  diminished  in  ererj  pari  of  thi  tube,  and  eonse. 
rge  r  1 1 1 : 1 1 1  r  i  t  _*.   of  water  before  very  near  the  boiling-p 

hi  and  instantij  ejecl  too  whole  of  thovnter  in 
pipe;  and  thi  rtelf,  would  roah  out  immediately  af tern 

iiory  iiirmonading  entij  produced  by  the 

large  eteam-bubbles  rising  throngfa  thaoooler  water  of  the 

.rt  of  t  In-  tttbl 

quiokly  brought  on  by  throwta  •  tho 

year,  hecanaa  the 
ia  thus  more  effectu- 

grron  a\k>\o  is  sub- 
ly  that  of  Bunsen  tor  the 

r.  but 
1  to  make  it  applicabl 
'  ■jeyeers.     In 
as  already  stated,  Bunsen  found  a 

I 

;   than  lit  anv   tcilhin 
mi  int, 

f.u'tv-rin'  f.  an  ini-  Fio.ta 

.int  jBirt  in   Bnnsen^  theory. 

:  if  t  f  (Fig.  D3)  reprcst-nl 
then  iho  curve  of  actual  I  ibe  would 

iie  Irregular  lino  ugh.     At  the  moment  of  eruption,  thil  Hue 
Then  would  follow  the  iii.sLuiitutuoii.s  for- 
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nation  «f  steam,  and  the  phenomena  of  an  eruption.    But  it  is  ex- 
tremely unlike]]  that  this  condition  ihould  oxisl  in  :dl  geysers;  neither 
is  it  ut  nil  neooanrj  in  order  la  explain  the  phenomenon  of  an  eruption. 
To  -prove  beyond  nueatiou  the  troth  of  Chi 

strucfced   an  nrtilh  i;il   geyser.     Tin-  apparatus  (Fig.  94 

in  in:  of  tinned  sheet-iron  about  ben  feet  long,  expanded  into  a  i 
above  fox  catching  the  erupted  water.  It  may  or  may  not  be  expanded 
below  for  tin-  cnnvciiii-nec  of  heating1.  It  wad  healed, 
also,  u  little  beloa  the  middle,  by  an  encircling  char- 
coal  chauffer,  to  repraeen<  the  point  of  nearest  ap- 
preach   to   the  boiling-point  in  the  tune. 

Wlii'ii   this  appaiatai  was  heated  at    tin;  two  points, 

iim  shown  in  ilir  figure,  the  phenomena  oi 
eruption  were  completely  roproduoed:  iir>:,  the  wo- 
lent  explosive  simmering, then  theoverfl  the 

eruption,  and  then  the  state  of  quiescence.     In  Hun- 
son's  experiment,  the  eruptions  occurred  ubout  «. 
thirty  minutes, 

Bunsen's  Theory  of  Geyser-Formation. — Aco.nl- 
ing    to  Hansen,  n  <.-<■■.  s.-r  does  not  find  a  ciive.  01  OTBfl 

h  perpendiouhu  sabe,Bsady  made,  but,  It 
makei  iteowutabe.     Fig.  96  is  an  ideal  of  a 

geyser-moiiiul.-liowing  the  manner  in  which,  accord. 
tag  to  this  view,  it  is  formed.  The  irregular  line, 
b  a  r,  is  the  original  surface,  and  a  the  position  of  a 

Ik  it  spring.  If  the  spring  be  not  alkaline,  it  will 
remain  an  ordinal-',    hoi    spring;  but,  if  it  lie  al 

line,  it  will  lioM  silmu  in  solution,  and  the  silioa  will 

be  deposited  about  the  spring.  Thus  the  03001x1 
ami  luii  •  in  gradually  built  up.  For  a  long  time  the 
spring  will  not  be  eruptive,  for  the  circulation  will 
maintain  a  nearly  equal  temperature  in  every  pun 
of  the  tube — it  tnaj  be  n  boiling,  but  imt  an  eruptive 
spring.  Hut,  as  the  tube  becomes  longer, and  the  circulation  more  and 
in., re  impeded,  the  difference  of  temperature  between  the  upper  and 

lower  parts  of  the  tube  b bum  greater  and  greater,  until,  finally,  the 

boiling-point  is  reached  below,  while  the  water  above  ie  coroparatii 
cool.    Then  the  eruption  oommoncee.     Finally,  from  the  gradual 
ure  of  the  aubtarranaaa  heat,  or  from  the  inercusing  length  of  the  tub* 
repressing  the  formation  of  steam,  the  eruptions  gradually  cease.      Hun- 
found  geysers  in  different  stages  of  development— some  pis 
gprings  without  tubes;  some  with  short   tubes,  not.  yet  eruptive;  some 
with  long  tubes,  violently  eruptive;  some  becoming  •  •! ■  I  and  indisp»-<d 
to  erupt  iinl.  -is  imgiTed  lis  throwing  itoues  down  the  throat. 


i„.    fti— AttlSclal 
Uvjanr. 


KARTIIQrAKr.S. 


It  i  r,  that    |:  geyser-eruptivn  fa 

Ot   his  theory  r-furmatinii.      A    tube  or  h 

any  kind,  and  formed  in  raj 
way,   if   long  i,  would 

give    rise    bo   the  same  phe- 

The     Yellowstone 

geysers  have  mounds  or  ehim- 

•like  cones,  bmt   it   b 

means   certain    that    the 

»  be  'i  i»f  their  eruptive 

m  has  been  built  »p  by 

the- 

nrv  .if  eruption  nono  tl  e  Ion, 

however,  applies  to  these  alj>o. 


Rio,  S&— M«al  SrcUon  f>f  »  G*ji»«-T»(>*,  according  t« 

llUIMCll. 


Section  3.  /Iakes. 

Onl  ly,  ud  mainly  through  the  laboreef  Mr.  Mallet*4 of 

knowledge  on  the  subject  of  earthquake!  besom  i 
•  ike  on  .'  form.    This  slowness  of  adTanoe  has  arisen  not 

from  any  wain  ol  Dab  rials,  but  from  the  greed  eomplexity  of  the  phc 
nomena,  their  origin  deep  within  the  bowels,  of  the  earth  mid  there- 
from observation,  and,  more  than  all,  from  the  torn 
and  alarm  uain&lK  produced  unfitting  the  mind  for  scientific  nlmervii- 
!•.  tht   B  reasons,  until  twenty  or  th  -  ago,  the  etui 

■I  this  subject  was  mnoh  the  same  us  it  was  2,000  years  ua 
nk,  our  knowledge  of  earthquakes  u  even  more 

adv 

Frequency.— Ma  11' 't,  in  his  earthquake  eutahigiu',  haseolloetod  the 
records  aarthouaki  Burring  In  8,4M  years  previous  to 

,  of  that  number,  3,240,  ox  nearly  one  half,  oooorred  in  the 
last  fifty  yean;  not  because  earthquake  ore  numerous,  btti 

cause  tli-  e  perfect     According  to  the  morecomp] 

Ctttai  Alexia    I'errev.f  from    1848  to  dnsiva,  there  WeTB 

:m.    In  Japan  alone  there  are,  on  an  average,  two 

iks  jkt  day.]     It  seems  probable,  therefore,  that,  considering  the 

e  argi  i  number  of  earthquakes  are  not  rorordwl, 

occurring  In  mid  ocean  or  in  uncivilized  regions,  the  earth  ii  atmstantiy 

fmaking  in  some  portion  of  its  surface. 

Connection  with  other  Forms  of  Igneous  Agency. — The  close  connec- 
tion o  is  undoubted:  I.  VolcaoioernpUonS) 

"  TriOMCtioa*  of  nrilith  Axmciatiiin.  1880-IB.1S;  atwi,  Priuriplntcif  BshSBOll 
t  AmrricM  Joannl  Of  S,  irtic*.  vol.  li,  p.  S33,  1876. 

J  Tranaaeikme  of  tbc  tfelcinologica!  Society  of  Japan,  vol.  vl,  Part  II,  p.  7*.     N»> 
vol.  l!    .  sg». 
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i.illv  those  of  the  v\]r  I  unci    if 

II  ^Duke-ShOOkS  v.  .  d  to 

trouble  a  particular  region  for  a  I"!  laewhoa 

an    oiitlmrst  takes   place    In    a    liciylilioiin;.'   volcano,  showing   I 

latter  an  rata  lot  t  !*.«_-  interior  forces  which  prod  thqnakcs. 

sadden  cessation  of  Booostomed  voknmic  activity  will  often 

brinj  rthqnakes.    Thus,  when  tin-  wreath  of  smol  >ears 

rpnu  futDpiixi,  the .inhabitants  of  Quito  ezpecl  earthquakes.    During 

peal  Calabrian  anrthqaata  ■  ■■(  i  >■•'!  h.  for  the  first  time  in 

the  memory  i  I  nu  ■■  oeeaed  i  renting.    'I'ln  great  earthquake  which  de- 

i  in  L797,and  in  which  •}••."•  "  lu-<J,  tuuk 

place  immediately  after  the  rtopping  of  activity  in  *  •neighboring  vol- 

oana     The  earthqnake-ehoeka  winch  dasbrored  Caracas  in  L813  ceased 

oa  soon  as  St  Vincent,  600  miles  distant,  commenced  erupting 

aminationof  Pro!  BfaUet'e  earthquake-map  thorn  that  thediatribnt 

ir!lii|ii:ilic-  enters    i.^   Illl it'll   tin'  smite   lis    that    of    volriiinoos    SlfO 
given  (page  .ss).      It  m;i\  In   regarded  as  ahnosi  cert  lin.  t]  'hat. 

the  forces  which  generate,  earthquakes  are  closers  allied,  if  not  ii 
«iiii  thoM  which  produce  voloanSo  Brapttoaii 

IgaiSffhe  oonneetioii  of  earthquakes  with  bodilj  movements  <>i 
groat  areas  of  the  earth 'e  onut,  bj  elevation  rjr  depression,  i-  equal)) 
In  1835,  aflat  a  great  earthquake,  which  shook  the  ooasl  cd 
South  A  morion  over  an  urai  «f  600,000  square  miles,  the  whole  coast- 
line Hi  chili  ami  Patagonia  was  [bum  I  from  two  to  ten  test 

ahovr  siu-lcvel.      Again,  ill  1  BflS,  after  a  Miniln  r  carl  ln|iial-.r  in  i 

region,  the  eoaat-line  was  [bond  elevated  from  two  to  uvea  feet    Sow, 
in  this  verj  region,  old  beach  marks,  it>"  feet  to  1,800  feet  above  the 

•ii'u-lrvi-1,  unci  i  ■  m  i  •  r  1 1 1  i  1 1  cjr  i.-jiwi  mi;.-  along  tin-  coast  on  each  aide  of  tin 
eontbern  and  of  tins  continent,  plainly  show  that,  in  >eni  geo> 

logisal  times,  thowhoJe  soathera  end  of  South  Amerii  »lil\ 

mined  .»ut  of  the  sni  to  that  extent      It    is  ini|i<^!-ihlo  tn  doubt  thnt  the 

four  v,  hi.  I.  prodneed  this  continental  elevation  was  also  the  cnu>> 
the  aceempsnytng  earthquakes.    Again,  in  1819,  after  a  severe  eartb 
quake,  which  shook  the  whole  region  about  the  month  of  the  Indt 

tract  of  Ian. I  of  •.'.(urn  s«|iim lilsfl  was  sunk  and  became  a  Kilt 

lagoon;  while  another  area,  Bftv  miles  long  and  tea  to 

■.  was  '•!'"  itod  Nil  feet  Tn  commemoration  of  this  wonderful 
runt,  the  raised  portion  was  Bailed  Dllah  Bund,  or  the  Mound  of  Bod. 
Again,  in  1811,  a  seven-  earthquake  -hook  the  rail 03  of  the  .i!i 
1.  In  the  region  about  the  mouth  of  the  Ohio,  where  it  was  ee- 
r,  large  tracts  of  land  were  sunk  bodilj*  several  feet  below  their  for- 
mer level,  and  have  !  red  with  water  ever  since.  It  is  now 
called  the  u£unb  Country*    The  Invo  , •: .1 : h.|n;ikf  of  L87S 

I  by  a  fissure  of  forty  miles  in  length  and  a  Rlip  or  fan  I 
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.'y-Jivr  bet."    In  tlic  Sonoru  earthquake  of  188?  there  was  l  fie 
■  hundred  miles  and   a   vertical   Blip  (A  Mgfat  ft'i.t       W  «•  might 
multiply  examples,  if  necessary.     Nearly  all   eai  ,  if  carefully 

i    thown  iucli  ml  slips,      i  i --u ■•  -  and   hnlta, 

it-din  previous  geological  time.*,  arc  found  Lnt&nooting  the  earth 
in  all  directional     Wo  aeo  them,  in  thcae  cases,  formed    uulei 
eyes,  and  in  connection  with  earthquake*. 

Ultimate  Cause  of  Earthquakes.—  The  connection  of  earthqi 
o  other  Conns  of  igneous  agency  suggests  each  ■  pa 
Pi       ling  and  accompanying  rolcanio  erupti  loiellyof 

the  explosive  type,  occur  subterranean  explosions,  which  arc  often  hi 
liu>: A  Bach  eruptions  arc  al.su  accompanied  wilh  escape  of 

atitteeof  Bteam ami  gas.     Tin;  i-igc'iu-r  with  the 

association  of  earthquakes  with  roloanocs,  bare  suggested  the  idem  that 
the  sodden  foi  or  the  sodden  ooUapse  of  rapor  is  the  cause  of 

kes.  Acoording  i>  this  riowi  en  aarthqaeka  it,  an  a  grand 
►i  ale,  a  phenomenon  similar  to  the  far  produced  by  tho  explosion  of  a 
keg  (if  gunpowder  buried  in  the  earth. 

Hut  the  association  oi  earthqaakee  whli  bmlilv  movements  of  the 
earth's  emit  over  large  ureas,  suggests  inother  and  far  more  pro! 
cause.      I  I  known  that  there  are  operating,  in  the  interior  of  the 

earth,  forces  tending  to  elevate  OT  depress  or  to  Omsfa  together  laterally 

earth's  crust.    We  shall  discuss  the  nature  of  these  forces  here- 

il    to  say  now  that  in  this  way  mountain- ranges  are 

termed  and  continents  elevated.    One  affect  of  these  forces  Is  bo  break 

I    blocks  many  miles  in   length  and    breadth 
and  several  miles  in  thickness.     These  blocks  do  not  remain  in  their 
nal  position,  but  are  always  slipped  one  mi  another,  producing  dis- 
placement often  thousands  of  feet     Such  great  enut-blooka  separated 
ea,  and  slipped  one  on  another,  ere  fqnnd  »Teryirhere. 
They  are,  In  faot,  the  commonest  of  geological  ocev 

They  will  l*   ■  I    in   I'.nt  II.      Some  of   these    lis.- u  res  are  Jouht- 

leas  «•■■'-  forming;  many  of  them  are  still  dipping,    Suppose,  then, 
a  ■ubterranean   fi  :ing  to  elevate  n  portion  of  the  earth"*  .rust, 

and  gradnall  Ing  but  resisted  by  the  rigidity  of  the  crast.    It 

-  that  the  lime  would  finally  como  when  the  crust  would  break, 
Ing  perhaps   hundreds  of  miles  in  length  ■ 
threugb  several  miles  in  deptb  of  solid  rock.    Suoh  ■  fracture  would  >.  t 
tainl  an  earth-jar  great   enough  to  produce  all  the  dreadful 

its  of  an  earthquake.  But,  again,  the  enormous  crust-blocks  thus 
formed  would  inevitably  from  time  to  time  *tittt,  or  readjust  ttn-m- 
mIvcs  to  new  positions.    Every  such  readjustment  would  also  prodi 
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an  eartliqnake.    We  conclude,  therefore,  that  by  far  the  most  ami 

rau-xe  of  rariJtt/traArfi  it  ntfirr  tfu   :'<■•■  ott'.iitiit  9/  a  great    li.s.fiirr  in 
th>:  rant '/ utttm  ,,'  of  tht  KM  Jiven  in  the  case  of 

t in'  tremors  accompanying  raloank  eraptiona,  it  is  probable  that  tl 
tens  canse  is  the  bmc&aring  of  the  mountain  by  the  eruptive  forces 
the  rcudjusment  of  the  broken  part*. 

Proximate  Cause. — Hut  whatever  be  our  view  of  the  ultimate  1 

of  earthquakes,  (here  ran  lie  no  douht  tli.it  the  pro  ttmaU  or  irmite^liate 
cause  of  the  observed  effects  is  the  arrival  of  an  eurth-jur — the  cmcr- 
p.'iiiT,  nil   tin.-.  .';trtli-Hiirl:i<>\  ol  11  BIG  I   "f  elastic  earth-  waves,  pro- 

■  1 1.'  ad  liy  a  violent  oonousaion  of  some  kind  in  the  interior.    Bvidm 

tli'  rcfore,  the  diacuesion  of  earthqiiakr-phcuoinrnn  is  ootbing  mom 
than  the  discussion  of  the  laws  of  propagation  and  the  effects  of  ill 
earth -waves  occurring  under  peculiar  and  vim  v  oonnpiei  conditions. 

Application  to  Earthquakes.— Suppose,  then,  a  exmmmAcm  of  am 
kind  to  occur  at  a  considerable  depth  (s,  Fig.  90),  guy  ten  or  twenty  m 
beneath  lie-  earth-surface,  S  S.     Taking,  for  simplicity  Bake,  I 
as  a  point,  a  series  nf  elastic  spherical   waves,  similar  to 
will  be  generated,  consisting  of  alternate  compressed  and  rarefied  shells, 
the  whole  expanding  with  great  rapidity  in  all  directions  until  I 
reach  the  surface  at  ".    From  this  point  of  Bret  emergence  immedis 
above  the  focus  r,  the  still-enlarging  spherical  shells  would    out)  refl  in 

rapidly-expanding  aireular  nonet,  b"  b",  c"  <■,"  d"  <l"  (Fig.  98),  similar 
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Fl«.  Bfl.— flection  Anil  IVtrprcllvcVi^w  of  a  Portion  nf  ihc  Kartli'r  Cru-i  rh.iki  n  lirun  Earthquake, 
•OOWlne  Uu  orlirlO,  r  *••<  lnm«  "f  I ■•  >-  •iilivrical  hu»,  ■i.b.e.d,  etc.,  anil  tmratiMtlTe OJ  Mffte*- 
■t.tvv.6".  c-,4". 

in  form   to  water-waves  hut  very  ililTerent  in  character.     This  we  will 

call  tin- .  wrfaet-  mm.    Tl  i  ban  drawn  would  Bquallrrcpretenta 

series  >>f  waves,  or  the  same  wave  hi  successive  degrees  ol  enlnrgement. 

•ttf/oco-woM  would  not  he  a  normal  wave  propagating 
like  a  water-wave.  It  would  be  only  the  outcropping  or  emergence  of 
the  ever-widening  spherical  wave  on  the  ''art  li- surface.  Both  its  velocity 
of  transit  along  the  surface, and  the  direction  of  its  vibration  in  relation 
to  the  surface,  will  vary  continually  according  to  a  simple  law.  The 
Unction  of  ribral ion,  being  along  the  radii  z  a,  z  b,  z  c,  etc.,  will  be 
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ulur  to  the  surfaee  el  a,  and   become  nmtv  inclined   unlil  it 

finally  becomes  parallel  with  the  surface  at  an  infinite  distance.     The 

•  t'  it*  transit  will  be  Infinite  at  u,  ami  then  gradually  deereasc 

I,  if  we  regard  the  surface  as  a  plane  surface,  at.  an  Infinite  distance 
iclies  its  linn-  is  the  velocity  of  the  spherical  wave.    Between 

these  two  extreme!  <>f  infinity  at  a,  and  the  velomtj  of  the  spherics! 
wa«e  at  infinite  the  velocity  of  the  surf  ace- wave  rarise  in- 

versely a*  the  cosine,  or  directly  as  tlie  t-cuint,  "I  the  angle  Of  emergenc 
x  b 

For,  if  n  0,  b  b,  r  r.  (I  c/.ete.  (Fig.  M),  be  muMsuve  positions  of  the 
epherieal  wave,  then  the  radii  ■  ■  <■.  would  be  the  direction  both 

•>f  projuigation  end  of  vibration.    K oer,  when  the  travn-ixont  is  at  t>, 

while  the  spherical  wuve  moves  from  b'  to  r,  the  surface- wave  would 
i  from  b  to  >  :  when  the  spherical  wave  moves  from  c"  to  rf,  the  sur- 
face- <■  to  <i,  etc.  ir,  therefore,  >>  • .  >  </.  etc,  be  taken 
very  small,  so  thai  i  V  o,  i  <■'  <[,  may  bo  col  I  right-angled  tri- 
angles, then  in  every  position  the  surface- wave  moves  slung  the  hvpotc- 
nose,  while  the  sphcrica]  wave  moves  along  the  base  of  the  small  tri- 
angle* b  Letting  v  =  velocity  of  the  sphere  ,and 
r'  that  of  the  Bnrfacc-wave,  and  S  the  angle  of  emergence  (?i«,  -> 

96),  we  have  the  proportion  — v  :t  : :  1 :  M&  E.»ml  r'=  v.  eeft 
constant  if  «  sec.  E.     Therefore,  at  B,  the  point  of  first 
j. •He.-.  E  beings  right  angle  and  ttc.  E  —  infinity,  ».-'  =  intii.. 
At  an  infinite  distance  Cram  a  the  angh  nd  the  secanl 
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=  l.  and  <■'  =  v.  l  =  v.    That  is,  at  the  point  of  first  emergence  Ihi 

rave  i-  infinite;  from  this  point  it  decreases  as  the 
secant  of  :ho  angle  of  emergence  decreases, 
'inallyutan  infiu  i  «-e  it  becomes 

equal  velocity  of  the  spherical  wai 

ical  snrfaeo  (Fig.  97)  it  i«  evi- 
dent that   B  never  becomes  0,  and  therefore 
v*  never  reaches  the  limit  v.     If  we  com 
the  waretofKias  through  the  whole  earth  ( I- 
98),  then   the  velocity  of  the  suifaca*wave 
would  ilecreaMj  t  n   point  when-  E  is 

ann  .  -^y  about  c,  and  then  would  again 

infinity  on  the  other  tide  of  the 
earth,  p,  where  E  becomes  again  a  right  angle. 


If  x  be  near  the  sur- 
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face,  v'  would  become  nearly  equal  to  o  al  some  pointafitaooorse;  but 

as  «  approaches  the  oenter,  ''.  the  limit  of  r'  would  be  greater  and 

greater,  u  m  :  I .  i  i  l  teat  the  cent.  .come  infinite  every  wh.. 

i.  i-..  i  -H1.1L  at  U11  center  would  reach   the  surface  everywhere  at  the 
HUM  moment. 

Experimental  Determination  of  the  Velocity  of  the  Spherical  Wave. 

— On  tin.'  supposition  that  1:111  !i< £  11  :t k..  -  are  ri-ully  prodiu  ed  hy  tin-emer- 
gence, on  tlio  surface  of  a  series  of  elastic  eai  th-waves,  Mallet  n<: 
took  to  determine  exporirnantallj  tin  velocity  of  snob  waves.    Two 
stations  were  taken  about  ■  mile  ■  ■>■ re  apart]  end  connected 

graphic  apparatus  ;  a  keg  f)f  gunpowder  was  buried  at  one,  and  a: 
Other  was  placed  an  iibtcrvatorv,  in  which  was  ft  clock,  a  mercury 
ror,  and  a  light,  the  image  of  which  reflected  from  the  mercury  mirror 
was  throws  on  a  moon.    The  slightest  tremor  Bonnnnnioatad  to  the 

mercury  surface  (if  course  caused    the   image   to   dance.      Tlie    moment 

of  explosion  wai  telegraphed;  the  moment  of  arrival  of  the  earth* 

ior  was  observed.      The  .iifl'er<  ,  the 

BOOe,  divided  by  the  time,  jruve  the  velocity  per  Second.     In    this 

11 1: 11 1 1 1>  r  M.iilct  bond  the  velocity  in  sand  sa.'i  feet  per  sceond,  or  nearly 

nine  and  one  half  miles  per  minut.  j   in  slate  lM'i'>   Fbm  I    pi  r  H  •  ■••t.d.  Of 

fourteen  rnili'S  per  minute;  imil   in    granite    1,664   feet    p  !,  or 

nineteen  miles  per  minnte,    A>  an  earthquake-focus  la  always  several 

miles  heiieath   the  surface,  ami  Sfl  rocks  at  that  depth  aie   probably  as 

hard  is  granite,  nineteen  miles  per  minute  may  be  taken  as  the  aver- 
age velocity  of  earth-waves  as  determined  hy  those  experiment*.     I: 
■  ■.■:■  well  with  tin    observed  velocity  of  ninny  earthquakes.* 
This  result  was  unexpected,  considering  the  law  that  all   1  . 
waves  i"  the  same  medium  run  with  the  »me  velocity,  for  the  rel 
of  sound  in  granite  or  slate  is  probably  not  less  than  10,000  or  1 E 
feet  per  second.    The  explanation  a  toand  in  the  very  imperfect 

coherence  and  clasti.ii  v  1. f  roek-!.    'I'tto  medinm  Is  broken  by  the  pas- 
sage of  large  and  high  waves  of  the  explosion,  bnt  carries  suooesafnUj 

the  -mall  waves  Otf  sound. 

Ifore  tat  timents  have  given  much  higher  velocities.    Inn 

aeries  of  very  carefol  experiments  Fouque*  found  in  .«».•.</  1  veloetl 
us 4  feet,  in  rarbun  1/eroiu  umdttont  ohont  7,400  feet, and  In  pre 
about  9,200  feet   per  second. |     The  explosion  at   lliillct t's  Point  gare 
.,00ii  to  s,MOO  feet  per  second,  and  that  of   Flood  Bock,  l. 
feel  per  saoond  (Abbot).    These  agree  well  with  theofaeorved  re 
some  earthquak 

Character  of  the  Earth- Wave— For  the  sake  of  simplicity  we  have 


•  Mallei.  Bscmd  lU-rmrt,  Transaction*  of  the  Bridal)  -Issuwatitin,  1861. 
r  Kerur  SdcnUSquc,  vol.  »li,  j.p.  »7,  181,  1888. 
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thus  far  spoken  of  the  earth-wave  as  a  simple  spherical  wave  of  longi- 
tudinal vibration  like  a  sound-wave,  bill  the  seismograph  shows  (hat 
there  arc  fraiMverse  as  well  u  longitudinal  ribradona.  Thna,  the  earth* 
movement  bveiyoomplea  and  produced  bj  i<>n  of  srvral 

waves  of  different  kinds.     Hut  the  wa\e  which  we  have  been  dl 
u  the  dominant  One  and  the  one  whose  origin  is  must  ansilj  and) W  stood, 
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Fie  W    Mo<I»J  abuwing  (ho  Path  Of  a  ftlttlU  during  an  Earthquake  (after  6*klra). 

and  is  ilienforo  called  the  normal  irate.     Fig  N  is  :i  wire  model 

g  the  actual  motion  of  a  point  during  an  earthquake.     It  wta 

mwJe  by  wmbining  the  records  of  the  three  panda! I  ing's 

-mograph  (Fig.  108). 

Explanation  of  Earthquake-Phenomena. — Barthqaakea  have  been 
inds,  via.,  the  «gZwfw,  the  horizontally  pro. 
ind  The  first  kind  ia  described  by  Humboldt  ai 

a  fiolent  motion  directly  upward,  by  which  the  earth-cruet  is  broken 
np.  and  bodies  on  the  surface  arc  thrown  high  in  the  air.  The  shock 
is  extremely  violent,  but  does  not  extend  \>:ry  far.     In  tli  I,  the 

alio-  D  the  surface  like  the  waves  on  water  to  11  great  (fifr 

tance.  In  the  third  there  in  a  whirling  motioD  of  the  earth  entirelj 
differt'Ut  from  ordinary  wave-motion.  These  three  kinds  are  hoiii.  times 
supposed  to  be  essentially  distinct,  am]  possiblj  produced  bj  diffle 
oaoaes;  but  we  will  attempt  to  show  that  the  difference  is  whollj  due 
he  different  conditions  under  which  the  waves  emerge  on  the  sur- 
face. The  three  kinds  are,  in  fact,  often  united  in  the  BBUM  Bl 
quake. 

tnarkable  example  of  explosive  earthquake  It  that  which 

destroyed  Itiobutnba  in  1797.     In  this  dreadful  earthquake  the  shock 

mine  suddenly,  like  die  explosion  of  a  mine.     Not  onlj  was  the  earth 

i  various  places,  bul  objects  lying  on  the  surface 

of  the  earth  were  thrown  violently  upward  j  bodies  of  men  were  hurled 
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•ml  hundred  feet  in  tin-  air,  and  afterward  were  found  across  a  ri 
and  on  the  top   of   a    hill.       In   earthquakes    of   this    kind— 1.    The 
impulse  is  very  poworful  and  sudden,  BO  U  to  make  a  high  hot  not 

;i  long   wave,  or,  in  other  words,  tlic   velocity  of   vibration  or  of   the 

k  is  very   great;    and,  '»>.    The    foe 
velocity  of  the  shock-motion  does  not   become  small   before  it  roaches 
tin-  surface.     At  Rioliiiiuli.i  i.lie  of  the  shock-motion  WMBtOl 

very  great  when  the   wave  readied    tlio  Kiirfu.ee.     From  the  distance; 
bodies  were  thrown,  Mallet  supposes  the  velocity  of  tho  shock-motion 

could  QOt  liave  bOOB  laBl  than  eighty  feet  per  m-i  nii.l  (.Ink. 

The   horizontally  pruijns'lrr   I.  mil    may   he    regarded   as  the   true 
type  of  an  earthquake;  it  is  in  fact  the  sqircii  rface-wavu  id- 

ready  explained.     If  the  elasticity  of   tin  rid    therefore  the 

velocity  of  the  waves,  is    the   same  in  all   direction-,  the  sin! 
will  spread   in  concentric  circlr.i;  hut  if  the   elasticity,  and  I 
the  velocity  of  the  waves,  be  greater  in  one  dinotiofl  that]  in 
as,  for  example,  north  and  south   l  hair  east  and   west,  or  the  convene, 
then  the  form  of  tin-  outcrop  will  l»-  tffipticaL     In  some  rare  cases  the 
shock  M60B1  to  mil  along  a  lino.     Thus  pi"  ;irth<|uukes  bjtVQ 

been  subdivided   into  rirrulirr,  r/liji/iral,  and  linear  progressive.      U 
have  already  given    tin-  simple    explanation    of   the   fir.st  two;   the 
niiiv  lie  hneih  i  s  plained  as  follows: 

Let  it  be  bOTM  in  mind:  1.  That  these  linear  oarthquakOJ  usually 
run  along  monritain-eliains;  2.  Thai  most  great  iiioiiutuin-ehain 
of  a  granite  axis  (appearing  along  the  crest  and  evidently  connected  be- 
neath with  the  great  interior  rocky  DUB  of  the  earth),  Hanked  on  • 
side  with  stratified  roeka  consisting  of  many  different  kinds;  :;.  When 
elastic  waves  pen  from  one  medium  to  another  of  differonl  elastioity, 
in  all  cases  a  part  of  the  wave  passes  through,  hut  a  part  is  always 
tefU'tr,!.      I".,r  every  such  change — for  .-v.i-v  hiwr — a  reflection  0001 
and,  therefore,  if  there  are   main   such    layer-,  tin-  waves  are  quickly 
. punched.      If,  now.   Pig.   lot)    represent  a  tnuUTOIW    section  across 


Kio.  100.— Dliu-Tam  tlloitmllnj;  Linear  KarlliqtMkn. 
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such  a  mountain,  and    V  the  focus  of  an  earthquake,  ii    is  evident  that 
the  portion  of  the  enlarging  spherical  wave  which  emerged  along  tlw 
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i  would  mob  the  lurfaoe  succeasf ully ;  while  those  portions  which 
ck  against   the  strata  of  the  flanks  woulil   he   partially  or  wi 

1.     The  mode  of  outcrop  on  the  surface  is  shown  in  the  iiiujt- 

viow.  Fig.  101,  in  which  a  il  the  cpieeiitrum,  b  b  the  gruuite  axis,  und 

i«<-  rtratifled  BulOi     It  must  bo  remembered  also  that  the  origin  of 

most  earthquakes  is  by  tin;  formation  or  tin-  readjustment  of  :i  fissure. 

In  such  a  case  the  shock  will  hn  simultaneous  and  severe  all  alon;: 

I  Jrtblo  tliat  many  so-called  linear  earthquakes  arc  thus 
accounted  for. 

Tin  of  the  Bnrnue-wnvsa,  Sfl  observed  in  many  cases  of  se- 

.kes,  ia  about  twenty  miles  per  minute.     This  accords  well 
with   Ma  perimentfl  in  granite.     In  some  earthquakes  the  ve- 

locity hat  been  found  to  be  twelve  to  fifteen  miles  (Mallet's  remits  in 
id  in  some  as  bi|  rtj  i"  timu-fiu- mile*  per  mir 

harleaton  earthquake  of    Ingnjti  L8S6,  the  SUrpriSDg  velocity 
::  litindred  miles  per  minute  ETOl  observed.     In  some 
'A/ shocks,  the  vela  letermined  by  telegraph}  is  estimated  n 

h  as  one  hundred  and  fori  per  minute,  or  &fiQQ  fjfiel  pec 

second. 

Thil  ;iiuazing  difference  may  be  thus  explained  :  It  will  be  remem* 

bered  that  the  velocity  of  the  surface-wave  is  infinite  si  thi  mm, 

and  d  ling  to  a  law  air.  used,  until  it  nte 

or  nearly   reaches,  the  velocity  <>f  the  spherical   wave.      Now.   if  tho 

dee-focus  ho  comparatively  shallow,  the  initial  velocity  of  the 

wave  very  rapidly  approaches  its  minimum,  and  then-fore  tho 

..f  the  surface-wave   may  he  taken  Sfl  nearly  the  SMUG 

as  that  of  tli!  si  wave;  bat,  if  the  earthquake  be  Tery  deep,  the 

inution,  even  on  a  plane  surface,  in  far  less  rapid;  n  we 

into  co!  •!.  the  eurvature  of  tho  earth-surface,  il  isevi 

that  the  velocity  of  the  surface-wave  may  he  for  all  distances  nmoh 

gnro'  ipberical  wave.     This  would  well  account  for 

thirty  to  thirty-five  miles,  but  not  for  velocities  of  one 

and  fortj  miles.    This  latter  is  aoeonnted  for 

by  another  principle; 

occur  mostly  in  slight  shocks.     Now,  while 

hear  -re  und  high  waves)  breuk  th<  medium  el  spot 

r  passage,  and  sre   therefore   retarded,  SI   already  explained,  slight 

II  and  low  waves)  are  successfully  transmitted  without 

and  therefore  ran  with  the  natural  velocity  belonging  to  the 

.  the  velocity  of  Bound-    Now,  tho  velocity  of  sound  ra 

granite  is  probably  about  12,000  feet  per  second,  or  one  hundred  and 

fnrty  mile?   per   u  nnte;     In  the    Charleston  earthquake,  however, 

i  severe  one,  the  waves  seem  to  have  been  transmitted  with 

nearly  the  normal  velocity  belonging  to  the  medium. 


Vorticose  Earthquakes.— In  these  cases  tho  ground  is  twisted  or 
whirled  nmnd  and  baolt,oi  sometimea  ruptured  and  left  in  a-  fcwiated 

condition.     'I'h..'  rim-l  aonapioaoni  example 

occurred  in  tin-  earthquake  of  Riobamha,  and  in  the  great  <  alabrian 

eurthijfmke    of    1  788.       In    fchil    latter  carl  Ininnki-    the  blocfa   I 
fortune/  obeliihi  WT<  '  one  on  a  b  «;is  brokeu 

and  twisted,  n  thai  ttrtdght  rtntM  uf  trees  were  left  in  iiittrruplr/l  ijff. 
zwjx.  I1li«'in»iiii''ii:i  similar  to  some  of  these  iron  i  be  nad  all  i  in  the 
( '.:! i foriiin  earthquake  of   1SCS.     Chimney-tops  wen- .v-paiated  ut  their 

junction  frith  roofs, and  twiatad  around  uitin.m  ovorthrou ;  wardrobe* 

and  bureaus  tamed  about  at  right  angles  to  the  wall,  or  even  with 
their  faces  to  the  wall. 

Explanation.— Sumo  of  these  effects — such  as  twisting  of  obc 
and  i']iiiiniiy-.tuj)8,  ami  turning  aboat  of  bureaus,  ate*— may  be  ex- 
plained, ai  Dyoll  1 1 : i -  sliiown,  without  any  twisting  motion  of  the  eartli 
at  all,  OT  any  other  than  the  backward-niid-f.>r\vanl  motion  common  to 
nil  earthquake*.     Thus,  if  we  place  one   btiok  "n  another,  and   -■ 
them  biirk  and  forth,  lmldin  the  Inner  one.  1 1 n_- v  are  almost  I 

tain  to  be  left  twisted  one  on  the  other.     Tin'  reason  is,  that  the  ad  he- 


The  vorticose  motioi    In  mob  cases  is  probably  not  real,  tat  ««/y  ap- 
partnl. 

Hut  there  are  other  cases  of  undoubtedly  real  TO 
for  example,  straight  rows  of  tn-. ■.;  chaogi  .!  i  rTOpted  DgXQj 

fissures  and  displacement.     All  such  cases  of  nw'  twitting  are  j 
abl>  principle  of  conewrmct  and  inttrj 

as,    if  two  systems  of  w  iv  kind  moot  each  ■  ■:  her,  then- 

will  be   points  of  concurrence  where  they  tack  Other,  and 

points  "f  interference  where  they  dmlrot)  tad  uflu-r.    Suppose,  fur 
•nre,  a  system  of  watcr-wav      represented  BJ  thedouhli 

(Fig.  102),  running  in  the  direction  9  &,  strike  againal  a  rail,  m 
mm*  would  bo  reflected  la  the  direotioa  e  c,  and  are  capi 

ilia  single  lines  r,  fi     TIpmj,  if  the   lines   represent  crests,  and  the 

ing  space  the  trough?,  at  the  places  mark !■> I  with  crosses  and 

dots  there  would  be  concurrence,  and  therefore  higher  crests  and  deeper 

troughs,  while  at  tin-  points  indicated  bj  e  dash  there  would  I «>  inter- 
ference and  mutual  destruction,  and  therefore  hhi 
takes  pla:  If  two  systems  of  earth-waves  meet  ami 

cross  each  other,  we  moat  hare  points  of  concurrence  and  lot 

iose  proximity.     T  fore,  will  be  thrown  intOViolOttl 

.tion — points   in  close   proximity    moving   in    opposite   direction* 

(twisting),    if  tho  motion  bo  sufficient  to  rupture  the  sarin,  restoration 

•  lade  by  count  i    md  the  earth  is  left  in  u  displaead 

loll. 

eanses  of  in;-  may  be  various-—  Bometimei  bj  the  nor- 

mal  and  transverse  wares  combining  differently  so  .1-  to  prod  are  motion 

in  di  lirections  in  contiguous  plaoea;  somel  ma  by  difference  ut 

velocity  of  wuvaa,  aln  •    whioh  Rome  overrun  atbi 

concurring  and  interfering;  more  often  it  is  tho  result  of  reflection 
from  surfaces  of  different  elasticity.  For  example,  it  ia  well  known 
that  fleets  of  earthquakes,  especially  twisting  of 

ground,  anally  0 

near  the  junction   of  A 

rata  of  the 

pUil: 

and  l  trata 

of  the  mountains.  Now, 

■-.  a  shock 

at  Jt  (Fig.   108)  l 

una     of     earth  -waves 

should    at  I    c 

■nd  run  as  a  surface-wave  toward  the  mountain  m.    Tho  wares,  strik- 

hard.  elastic  material  m,  would  be  partly  transmitted   and 

leeted  wares  running  in  the  direction  of  the 
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arrow  r,  would  meet  the  advancing  incident  waves  moving  i"  the  di- 
rection of  rln'  arrow  (,  and  concurrence  ami  mterferanee  would  b* 
evi  table.* 

Minor  Phenomena.— Not  <»nly  the  several  kind*  of  earthquakes,  hut 
many  of  t h.-  minor  phenoouna  an  explained  bj  the  inn 

l.  Smuiif*. — Thwe  us  usually  deeoribed  u  a  holloa  rumi 

ingt  or  grinding  .   .-i  nmiii  n- -.  a-  _'.  thiindcrin:.',  or  cannonading. 

They  are  probaM.jp  produced  by  rupture  of  the  earth  al  khi  "r/</i'«.aiid 

by  tlit  passage  of  the   wave  through  the  inijiorfecth  •  lut-Lic  rook}  ms- 

ilium  hirakiiiy  tkt  im-tluuit  and  grinding  the  broh'ii   j» 

Hut  what  is  especially  noteworthy  is,  that  these  sounds  precede  a? 

as  accompany  the  shock*.     In  amy  earthquake  th.  re  in  transmitted 

wave*  of  ever}1  variety  of  siae.     The  great  wares  are  s-  •  shocks, 

or  jars,  or  tremors;   the  very   .snuill    nave-,  too  firnall  to  he  api 

as  tremors,  are  heard  as  sounds.     But,  as  already  explained,  these  last 

nm  with  greater  velocity  in  an  imperfectly  coherent  Roedinn  like  the 

earth,  and    therefore  arrive   sooner  than  the  L'reai   w.<  h  COnStfc- 

bate  the  shook*    The  sane  was  observed  in  Mallet'.-*  axperimonta. 
'/-/^../.—A-i  to  rfft*#cWw»,tbe  observed  motion  isaometSmoi 

oallj  in'"'"1  (bum,  sometimes  horizontally  l>nrk  and  forth,  and  aome- 
linn  to  the  horizon.     Almost  always  a  reftWt  ,,,  {.  o^a 

leaning  of  tuli  objects  tir^t  in  um  direction  and  than  in  the  oth>-r,  fa 

rved.     A*  to  ri'itrucr  or  velocity  of  motion,  this  in  ■-•■»  go 

great  thai  object,  are  thrown  into  the  air,  and  whole  cities  are  sin 

down  aa  if  they  wen-  a  mere  collection  of  card-liousea  ;  while  in  Other 
cases  only  a  slow  twinL-iii-.r  heaving,  or  gentlo  rocking 

If  we  confine  our  attention  to  the  principal  or  normal  wave,  the 
difference  in  direction  is  wholly  due  to  the  position  of  the  observer.  At 
the  epi- vutrum  it  is  of  course  vrr/irttl,  ami  I  hence  it  becomes  moro  and 
man  ohUane,  until  at  great  distances  it  is  usually  horizontal. 
t'inleHi-p  of  the  shock  or  velocity  of  ground-motion  depends  partly  npOB 
the  violence  of  the  original  com  ind  partly  on  the  distance  Eroni 

the  origin  orfbctU.  This  velocity  of  the  ground-motion  must  not  be 
confounded  Willi  the  velocity  of  the  Wave  altvad\  dlSCQSSSd-  Tho  lat- 
ter is  the  relooifey  of  fawutffrom  place  to  phi  a;  the  former  is  the 
velocity  of  MCtUatum  up  and  down,  or  back  ami  forth.  The  velocity 
of  oscillation  has  no  relation  to  the  velooity  of  transit,  bul  dap 
only  on  the  heighl  of  the  wave,  which  romtantly  diminishes  and  !«■- 
comes  finally  rery  imaQ,  though  the  velocity  of  trail  it  remains  the 

s,  and  always  enormously  great    Tl  uj-motion  is  also  - 


*  for  an  «••■.  'umIob  of  the  effects  of  Interference  of  oartb-nra,  &•<• 

oir  by  Prof  «M»n  Milne, Transaction*  ut  the  8ei»uiol<>KKttl  Society  ol  J»|-»n,  vol.  I  P»rt 

n.p.ei 
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•f  waves,  ootac\-  nlar  in  foi 

(though  in  nature),  :i.-t  ii.lIIv  DOSBH  bSQMtll  th*.  Ob»T»W 

i-mrso,  when  an  objf«:t  is  on  \\w  front -xltijit,  it  will  leuii  in  tin-  direction 

of  transit ;  and  when  on  the  ftssMtafope,  in  tin-  contrary  direction. 

-  J>e.ffrurfion. — In  some  MstbqtudcM  »  certain 
(stance  tram  the  point  ad!  fat  smergenee  (i  pioen- 

trun.i  li.  rod,  within  which  the  rJeatnictioD  i'v  OYerthn 

I    "■  !  i'  li    ii      I ill.'.   i|mi.ni.-h<-.      This    h«    '■ 

i'  ouch)  of  principal  distriu-tion  or  Overthrow.      It  is  thus  ex- 
plained: The  overthrow  of  buildings  depends  not  so  modi  on   the 
amount  of  oscillation  as  upon  the  horiaonta]  element  of  the  OMdllation 
lha  who! 

at    the    1     1:    "f  first 
.',     and     de- 
ontward  ;    hut 
tntal  clement 
is  nothing  al  <>.  and  ba- 
the cosine  of 

•  •'  i-niurgcnce. 
Iiein- 
«    ol    these    two 
Donditiona,  one  ih 

oaoUiation,  the  other  increasing  the  horizontal  element  of 
latum,  it  to  evident  that  ti  be  a  point  on  every  tidi 

words,  a  circle,  irherothe  horiaonta]  1  lament  11  ill  be  ■  maxin 
I  1. mi   111  Fig.  104,  in  which  it',  l>  i '.  <■•■',  eto>, are  tin 
llation,  •  ,  are  the  horizontal  element     This 

reaches  a  maximum  at  c     It  haa  beeo  brand  by  mathematical  calonla- 
.  bawd  upon    the  ion    that  tin?  whole  oscillation  varies  in- 

versely as  the  square  of  the  distance  from  A",  that  the  horiaonta] 

i  maxim  1      angle  of  ©mergence  is  64°  41'.     By 

determining  by  observation  the  1  in  la  of  prim  [pal  disturbance,  it  in 
rtuy  to  '  alcolate  the  depth  a  -Y  of  the  focus,  f<ir  it  will  be  the  apex  of 
a  cone  whose  base  is  that  circle,  uud  whose  apioal  angle  is  70*  82'.* 

4-   .-■  tevtreltf  felt  in  Mint*. —  It  hi  sometimee  ob- 

served that  shocks  are  distinctly  lilt  in  mines  which  are  inseneihle  at 
This  i«  probably  •  las  follows:  Lei  6 8 (Fig. 

hi ;  ind  1.1  „■  b  represent  bard,  elastic  abate, 
rod  with  loose,  inelastic  materials,!  c     Now,  if  a  series  of  wares 
com-  direction  <>f  the  arrows  d  d,  and,  p  broogbaaoo 

■  ■■■  to  the  surface,  strike  upon  the  lower  surface  otec. 


Tta.  MM.--I>i«enii]  lllu.tnulnf  Circle  of  Hrlnelptl  Dittnrlwnco. 
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wniilil  reach  the  surface  by  refrn. -timi.  but  a_  portion  would  be  raflei 
and  return  into  a  b,  concurring  an<l  interfering  with  the  advancing 
waves,  and  producing  great  oommol  ion  Is  I  rata. 

5.  ,\'  •■■■.•  sewrt  in  Mfa$9. — This  cimi  is  probably  more  common 
than  the  last.    It  was  notably  the  cast-  in  the  earthquake  oi  i-. 

Lhyo  County,  Califor- 
s  nia.  While  the  bbt- 
was  ■everely 
shnkcn,  many  boo 
destroyed,  an- 
figgur.N  formed  in 
:■  n  ill.  i in-  in ;n. 'i>, sev- 
eral bundled  feel  be- 
low the  surface  In  the 

hard     rock. 

felt  it  at  all.    This  is  probably,  at  least  partly,  explained  ae  Colli 
As  long  .'is  the  we're  travels  within  the  earth,  motion  "f  tfc 

d  by  tin'  work  <.f  elastic,  compression  ;  hut,  a>  m.iiii  as  th< 

f.nr  is  reached,  the  motion  becomes  free,  and  the  relocitj  ol  shock  I 
greater  than  before,  of  jreat  a*  to  throw  bodies  high  in  the  air. 

The  phenomenon  is  exactly  like  that  in  the  familiar  experiment  of  the 
v  halls:  when  the  first  in   tin-  series   is  struck,  an  elaitia  WIN 

oompressian  nation  through  all,  but  only  the  last  one  moves. 

6.  Bridges. — In  a  manner  somewhat  similar  are  to  bo  accounted 
for  the  phenomena  of  bridges.  In  the  earthquake  regions  of  Booth 
America  there  are 

certain  favored  Aj 

spots,  often  of  small 
which    arc 

tempt 

from     the     fthOGKt 
which     infest,     the 

ntrroonding  coun- 
The     earth- 

ajnake- wave  teems  to  pass  under  them  u  onder  a  bridge,  to  reappear 
again  on  the  other  side.     The  rin-re  in^jn'ct ion  of  Fig.  IOC  will  explain 

the  probable  oanee  of  this  exemption,  vis. :  reflection  from  the  on 
rarfaoe  o(  an  isolated  mass  of  soft,  Inelastic  strata,  e  a 

7.  Fisxitrr.*. — The  •.'r-ninil-liiwiireis, BO  eoinmonly  produced  by  enrth- 
<iuakes,  are  sometimes  of  the  nature  of  the  great  jUsures  of  the  crust. 
which  are  I  lie  probablo  cause  of  earthquakes.    v 

u-uidly  whelk  beneath  the  surface  at   great   depth,  but  siimetimes  m:i\ 
break  through  and  appear  on  the  surface.     This  is  certainly  the  case 
n  <Ii;i,i,, I  faults  occur  with  elevation  or  dc|" 


no.  ion 
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of  land.     But  the  surface- fissures  so  frequentU  i!  -mall  in  si 

Mr]  ikiiim .Tdiia,  and  running  in  all  directions,  have  an  entirely  different 
origin.  They  are  evidently  produced  bj  the  tbtftfa ring  of  the  softer, 
iin»n:  incoherent,  ami  inelastic  siuf.nr  -ml,  :nnl  liy  the  passage  of  the 
earth-wa  I  the  mem  elastic  underlying  rook  is  broken  by  tho 

Mine  c-uuse,  but  to  u  much  less  extent. 

Eai:  originating  benrafh  Hi 

We  have  thus  far  spoken  of  earthqnnk -iginating  l>iu«ntli 

land -surface.  But  three  fourths  of  the  earth-surf  ace  is  covered  by  the 
•ee;  and  we  M d]  seen  that  oth'  <>f  igneous  agency  aro 

moat  abundnni  in  and  about  the  sea.  As  we  might  ex  |  .cut,  therefore. 
Uio  greater  number  of  earthquake-sh>»  I  be&sath  tlic  sea- bed. 

It  i-;  worthy  >•(  remark  thai  this  la  especially  true  of  tho  gen-bed  itnmr- 

•imtflg  l.H,nl>rii)i)  fkt  anrfiiwni*.  In  such,  the  phenomaoa  already 
described  are  often  complicated  hv  the  addition  at  the  B  (I rial  S 

Boppoi  an  earthqaaka^hook  to  oeovr  beneath  the  sea-bed 

following  naves  will  he  funned:   1.  As  la  fore,  a  series  of  clastic 
spherical  wares  will  spread  from  the  foOBBj  «i ut i I  tl>-  the 

Ma-bed.    %  >, a  series  of  circular  sorface-wavee,  the  outcrop  oi 

the  Spherical  waxes,  will  Spread  on  the  -  a-h.il  t«nn  until  they  reach   the 

near-  produce  Si  efleota  there     •'!.  On 

robmsrine  earth-wave  w  carried  i  corn  ponding  aee- 

wave.    1  fgrrtil  urn-trim:" *\\wv  ii  is  not  a  free  wave, 

but  a  forced  accompaniment  of  the  ground-wave  beneath.      1 1 
the  shore  at  the  same  time  as  the  earth  -irave,    It  is  of  little  impor- 
tance.   4.  In  addition  t.>  all  these  La  formed  the  great  tan  awsj  or 
tiilui  It  u  aometimes,  but  wrongly,  called. 

Great  Sea- Wave.— This  common  and  often  very  daetrni  I  m- 

pauiment  of  earthquakes  is  formed  as  follows:  Thosiiu  i.  n  upheaval  of 
the  sea-bud  lifts  the  whole  mass  of  superincumbent  u.iti-i  to  an  equal 
.rmingahuge  mound.    This  movement  of  the  sea-bed  h)  not 
due  b  in  ■••  ■■■fill,  earth-wave,  for  this  is  far  too  small  to 

produce  such  effects;  but  is  dm-  ti>  bodily  moaemswi  of/Jir  n:,:ii-> , 

re  which,  a-  «  si  n,  is  the  usual  cause 

'I  iaki  -.     The  falling  again  of  this  water  as  far  setae  as  it  was 
natural  lerel  generates  a  circular  u  ./y,  r 

which  spreads  like  other  water-waves,  maintaining   its  original  wave- 
length, hut  gradually  diminishing  it*  wave  beighl    until  it  becomes 
Jly,  a  wrto  of  such  waves  is  formed.    Thee*  --cares  are 
100   to   'JlKi   miles    across   their  base  ( I  igth)  mid  fifty  to 

feet    high    at   their   c.rigin.      Their    destructive   effects  may  be 

l    water  1  sin.     In  the 


open  sea  they  create  DO  current,  and  are  not  even  per.  but, 

uhcn  Hum.-  touch  bottom  near  shore,  they  rush  forward  as  great 
breakers  fifty  or  sixty  feet  high,  swooping  away  everything  in  their 
60UM& 

Being  waves  "f  gravity,  their  velocity,  though  very  great  on  ac- 
count of  their  riaa,  is  far  (ess  than  that  ol  the  earth-waves,  and  they 
reach  the  neighboring  Bhorej  therefore,  some  time  later,  and  often 

complete  tin-  destruction  commenced  DJ  the  earth-waves. 

Examples  of  the  Sea-Wave. — In  the  great  earthquake  which  de- 
stroyed Lisbon  in  l78o\  the  opioentrum  was.  on  the  sea-bed  fifty  or  mote 

miles  off  the  coast  of  PorfeDgd.     Prom  this  point  the  surface  earth- 
waves  spread  along  the  sea-bottom  until   thev  /cached  shun-.      It    was 
irrival  of  the.*  ivhioh  destroyed  Lisbon.     About  a  half-hour 

later,  when  all  had  become  ojriet,  several  great  mb>  waves,  one  of  them 
sixty  feet  high,  came  rushing  in,  deluging  the  whole  roast  and  com- 
pleting the  dest rin  i inn  commenced  by  the  earth-wave*.  This  u 
thirty  feet  lii'_di  at  Cadiz,  eighteen  feet  at  Madeira,  and  five  feet  00 
coast  of  Ireland.  It  was  -  n-ilile  on  the  coast  of  Norway,  and  CTCn  OB 
the  coast  of  the  West  Indies,  after  having  crossed  thewhotfl  breadth 
of  the  Atlantic. 

lu  1804  I  great  earthquake  shook  the  coast  of  Japan.   Its  focus  was 

evidently  beneath  the  nine  distance  "IT  the  must,  fur.  in   about 

a  half-hour,  g  nrifl  of  water-waves  thirty  Feet  high  rushed  upon  si 

and  completely  ewepl  away  Ehe  town  at  Simoda.  From  the  earne  cen- 
ter the  waves,  of  course,  spread  in  the  contra  t  ■  direction,  traversed  the 

whole  breadth  of  the  l';n-illr.  and  in  about  twelve  and  a  (juarter  h 
li  link  .hi  i  he  eoaei  Of  CaliforniB  Bt  Sun  Francisco,  nnd  swept  down  the 
roast  to  Ban  I  4eg0»  These  waves  were  thirty  feet  high  at  Bimoda,  fif- 
teen feet  high  at  Feci'*  Island,  about  1,000  miles  off  tin  ■•!  .  of  Japan, 
or,:,  feet,  or  eight  inches,  high  at  Sau  Francisco,  and  ail  inches  at  San 
Diego.* 

On  the  i:ith  of  August,  isi;s,  n  great  earthquake  desolated  the 

of  Fein.  Its  0OOOJ  was  evidently  but  a  little  waj  ofl  shore,  for  in  loes 
than  n  half. hour  a  series  of  water-waves  fifty  or  sixty  feet  high  ru- 
in niei  gfl  atl  cd  the  rleva.-itatiun  commenced  h\  the  earth-wi 
These  nave-  reac  iOO  miles  distant,  in  three  hours; 
Honolulu,  Sandwich  Islands,  5,680  miles,  in  twelve  hours;  the  Japan 
coast,  over  ln.uon  mile.-',  the  nest  day.  They  were  also  observed  on 
tin-  coast  or  California,  Oregon,  and  Alaska,  over  0,000  miles  in  one 
direction,  and  on  the  Australian  coast,  nearly  8,000  miles  in  another 
direction.     This  scries  of  waves  «a-  distinctly  sensible  at  a  distance  of 

nearly  half  the  cirounfbrence  of  the  earth.    Had  it  not  been  for  the 
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barrier  of  tlio  South  American  Continent,  it  would  have  encircled  the 

her  earthquake  sea-wavr s  have  heen  nk-erved  ami  recorded 

idal  gangeo.  especially  then  of  the  Eojuiqofl  earthquake  of  U 

.  and  the  wuvw  oaosed  by  the  great  eruption  of  Krakutoa,  An- 

There  arc  several  points  in  the  ubovo  description  which  in 
very  brialj  explain  i 

].  Tin'   velocity  of  those  great  sea- waves,  though   lc-  thu  thai   of 

ii  still  rery  great  In  comparison  with  ordinary  sea- 
waves.  The  waves  of  the  Japan  earthquake  em  Peoifio  to  San 
Fni'  distance  ol  1,528  miles,  in  it  little*  mure  than  twelve  hour*, 
and  theft  ■  rate  of  370  miles  per  lionr,  or  over  six  miles  per 
minute.  The  waves  of  the  Bonth  American  earthquake  of  lBUtJ  rtl 
the  Hawaiian  Islands  at  a  rate  of  4:>  1   miles  per  hoar.     Tins  amazing 

ilt  of  the  great  site  of  Out*  waves  ;  for  the  role 
of  wuter-wavea  varies  aa  the  square  POOl  of  the  wave-length  (f  a  \ 

lis*  Of  these  great  wavea  ia  determined  by  multiplying  the 
time  «f  oscillation  by  the  velocity,  on  tho  i  ■■■  n  principle  thai 

ever  >f  wave  runs  its  own  length  daring  the  nine  of  one  own- 

■•  oscillation.    The  ia  obtained  by  observing  tho  time  at 

different  points.     The  time  of  oscillation  ia  determined  by  men:. 
tidal  gauges.     The  tidal  ganges  established  by  the  (oast  Survey  on  the 

;tt  the  time  of  oscillation  of  the  larger  wati 
the  rthqiiakc  was  about  thirty-three  (thirty-one  to  thirty-five) 

mhnntm.     This  would  give  a  wave-length  of  a  little  over  200  niilea.     Ii 

irohaUi   that  the  wave-length  in   the  case  of  the  Smith  Ann    j 
earthquake  was  ut  least  equally  great 

listanoa  to  which  the  sea-waves  run  i*  far  greater  than  that 
of  the  earth -wavea.    The  former  ia  distinct!]  tangible  for  10,000  rn 

latter  very  r.i  more  than  a  few  hundreds.     There  are  two  rea- 

sons for  this:  l.  All  waves  diminish  in  oscillation^  night)  aa  they 

spread  from  the  origin,  hocauso  tho  quantity  of  matter  sueee--:-,.  ]y 
involred  in  I  lation  constantly  inereases.     But  in  the  one  case 

the  matter  involved  lies  in  the  circle  i  m  the  other, 

in  the  snrfaee  uf  a  sphere  :  therefore,  the  one  ine reuses  as  tho  distnm «, 
the  P  listance.     Therefore,  the  decrease  of  oh- 

are)  is  far  toss  rapid  for  water-wavei  than  forelaa- 

«.      2.   A   still   more  •  'his:    Water- 

waves  run  in  a  perfectly  homogeneous  medium,  and  therefore  diminish 
only  according  U)  the  regular  law  just  stated  ;  hut  the  earth-waves  run 
in  an  imperfectly  clastic,  an< I  scfly  coherent  me. 
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•  liuiii.  and  therefore  they  are  rapidly  < jutiu-l u.-i  1  ami  dissipated  bj 
peatod  refractions  ami  reflections,  uud  by  repeated  Fr&etnrea  of  the 

limn  and  thus  changed  Into  other  forms  of  force,  as  Beat,  electricity, 
etc  Hfore  it  oot  fox  this,  the  destructive  affects  of  earthquakes  would 
be  fur  mora  extern  in, 

•i.  We  b*va  said  the  wave-length  remains  unchanged.   Thi 
ill. Before,  represents  the  diameter  of  the  original  water-mound,  uud 
therefore  of  the  original   sea- bottom  upheaval.     In   lliL'  .Japan  earth- 
<iu;ike  this  was  200  miles  across.     This  Bhowt   the  grain!  BOalfi  upon 

i  sari bnuake-tnovemonta  tain  I 
.">.  Batfhojuka  sea-waves  differ  from  all  other  sea-waves  in  that 
their  great  .-i/.r  make-  ilmm  ding  bottom  even  in  oj  sae.    In 

their  east  no,  the  velocity  depends  not  onlj  oo  She  gth, 

but  also  on  Hit-  ihjiih  i if  thr  mo.  Knowing  the  aise (ware-length)  of 
these  waves,  and  therefore  what  ought  to  he  their  free  ,  uud 

also  knowing  their  actual  velocity  by  observation,  i !»•-•  differes 

the  reiar/lnlion  by  dragging;  and  by  the  retardation  may  be  Oalonlated 
the  man   depth  of  the  ocean  traversed.      In  this   way  it    I]  do- 

ii  in  iin.nl  that  tin/  mean  depth  of  the  Pacific  between  Japan  and 
Francisco  is  12,000  feet,  and  between  1'eru  and   Honolulu,  Sandwich 
Islands,  18,500  feet.     The  great  importance  of  sueh  results  la  obvious. 

Depth  of  Earthquake-  IW 

The  grorit  obscurity  which  hung*  annul  the  subject  of  the  interior 
.iiinlition  of  the  earth  and  the  nltiiuai.  agencies  n-n- 

ders  any  positive  knowledge  un  these  .subjects  of  peculiar  interest,    T 
can  be  little  doubt  that  the  phenomena  of  earthquakc-wavoe,  their  form, 
their  reloeity,  their  angle  of  emergence,  etc.,  if  once  thoroughly  uiuler- 
stoml,  would  be  a  most  delicate  index  of  this  condition,  and    a  powerful 

means  of  solving  many  problems  which  dow  aeeui  beyond  the  reach  of 
science.  Among  problems  of  this  kind  none  is  more  important, and  it 
i  be  same  time  an. it  capable  of  solution,  than  the  depth  of  I 

anuakaa,  and  therefore  presumably  of  roieenoei 

Seismographs.— The  moat  direct  way  of  determining  the  depth  of 

an   earthquake  fncii-    is    by   means  of    well-OOUStructed 

These  are  instruments  for  recording  earthquake-phenomena  The) 
are  of  infinite  variety  of  forma,  depending  partly  upon  the  Gacta  i) 

■  I  to  he  rem  nle,l.  .im]  partly  upon  iln-  m.ideof  record.  As  examples 
we  will  mention  only  two : 

An  excellent  instrument  I  it  recording  slight,  tremors  is  one 
and  used  by  Prof.  Paimiarl,  of  the  Vesuvian  Observatory.     It  consists 
of  ii  telegraphic  apparatus   with  the   QSUaJ   paper-slip  and   stile. 
paper-slip,  uccurately  divided  into  hour-,  minutes,  and  seconds,  travels 
at  a  uniform  rnie  by  means  of  clock-work.    The  buttery-circuit  is  closed 
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and  opened,  and  the  record  Sttrited  l>y  the  shaking  of  a  metallic 

bob,  hong  by  a  delicate  spiral  spring  above  a  mercury-nip;  the  shak- 
ing of  the  bob  being  deteauiMd  by  On  tremor  of  the  earth.  Such  an 
instrument  record*  the  exact  moment  « > f  ooanmnuM  «f  earthansike* 
vcr  flight ;  also,  the  moment  of  passage  of  every  wave  and 
it*  time  of  oscillation ;  and  if  tin  -it  hi'  nmri'  than  one  such  instrument, 
ipomenl  ot  ooonnenoa  at  different  placet  gives  the  relocityol  the 
surface- v. 

If  m  desire  to  record  not  only  the  (tote  but  also  the  character  of 
the  earth-moTeni.il  1. 1 1  u  n  a  differant  kind  uf  seismograph  is  neces- 
sary. IBe  principle  of  ull  these  is  the  principle  of  a  pendulum.  If 
we  have  a  pendulum  with  a  heavy  bob  swinging  freely,  when  an  earth- 
quake arrives,  the 
bob  will  stand  etill, 
while  the  earth 
h  it 
This  rrlntivr  move- 
vi  the  pend- 
.v  lio  re- 
eofdad  bj  suitable 
device.  But  an 
ordinary  freely 
■winging  pe 
lum  mores  often 
too     largely,     und 

after  the  oes- 
sation  of  1 
What  wc  want  is  a 
lalnm      which 
•  ill  stand  indiuVr- 
ently  in    any  posi- 
tion (aitali  |.    One 
nf   the   best    forms 
of    instrument  yet 
l    that   of 
Ewing  | 
lr    cons! 


7  -KvinzB  Sci»mocmph :   a  »ml  b   both  'i»w»R 

imululnm:  e.  trrlicallr  iwcllliKiiie  pendulum:  «J.<lri«im;  • 

I  film  Milan  dock.     iT«k«ii  fruw  *  photograph  of  one»t  lb* 
Unlvmltj  of  Ctll[umla.j 


res  pendulums  swinging  in  the  manner  of  a  brackot  or 
»gat  need  in  three  rectangular  planes;  (I)  vortical  north  and 

south,  n  :   (,')  vertical,  cast   and  west,  b ;  un-1.  (8)  horizontal,  c.     The 
nod  in  position  by  sensitive  spiral  springs.    Stiles 
art  I  :liese  pendulums  in  such  wise  as  to  record  on  a  circular 

smoked  glass  plate  rotating  in  a  horizontal  plana     No.  1  records  the 
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east-and-west  movement,  No.  2  tho  north-and-south  movement,  and 
No.  3  the  up-and-down  movement.  A  clock  is  set  agoing  by  the  ar- 
rival of  the  Mlth  mra,  and  afterward  marks  seconds  on  the  revolving 

smoked  glass  disk.    Fig.  108  repraa 
portion  of  such  record.     These  three  rec- 
ord.- may  be  ciirnljini'il  ho  is  to  slioir  tli« 
lOtttal  amount  and  direction  of  the  earth- 
movoment  (Fig.  BO,  p.  1 1  1 1. 

The  Important  facts  recorded  by  this 
instrument  are:  1.  The  instant  of  trans- 
it;  2.  The  (Unction  «f  transit;  8.  The 

direction  <>f  oa  illation,  oar  anglr  of  • 
gmce ;    4.    Tin-  amount    ■- 
From  thjSQ  « - 1- - v ■  • »  ate  (if  wo  liavc  several 
seismographs  scattered  abom  utry) 

may  be  calculated :  1.  The  tviocity  of 
transit;  -.'.  Tiu>  position,  of  (hi  fbotu 
Pi  rfaaps  tho  form  of  the  foots,  wh 
point  or  Insure;  +.  The  forn  ofikt  uriif- 
QnGHSSiOn,  The  most  important  of 
those  are  the  position  and  depth  ttf  t£Q 
focus. 

The  Determination  of  the  Epicentrun 
— A  good  seismograph,  or  a  number  »f 
these,  will  give  the  direction  at  transit  <>f  the  surface-wave.  If  in 
this  way,  or  even  by  rougher  umthods,  we  get  a  number  of  these 

faes-Unts  of  transit,  by  fol- 

I  ng  these  back  we  get  the 
apioentrurn  lit  their  intorsec- 
(iuii.  Tli is  is  Mallet's  math* 
od.  Or  if,  by  means  of  mini y 
seismographs  giving  time  of 
transit,  or  even  by  obscrva- 
or  stations  of  any  kiml 
with  accurate  clocks,  we  get 

several  points  of  niinnltnne- 
oux  arriral  at  the  waw,  tlini 
by  drawing  a  curve  through 
tin-so  points  vn  ham  i  cosoie- 
mal  curve.  A  perpendi<  nlu 
drawn  from  the  middle  point1 
of  the  line  joining  any  two  of 
these  points  will  pass  through  the  epieentrum,  and  two  such  perpen- 
i,i! 8  irouU  determine  its  position.     Fig.  109  represente  coasiamal 


Flo.  I  ok     I,'  I  "t  «  I*a-iii|;'*  9n4amo- 

greph:  it.  nut'itml-ivt-t  mm 

'h  im  ••■•iih  modani    .  np-nnd- 

iI'umi  iiKiilun  laflcrScklyai. 
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curves,  and  b,c,d,  tares  p-unta  on  the  curve;  a  is  the-  cpicintruin. 
This  ii  SeebaehlB  method. 

Determination  of  the  Focus.-  h  a  wanre.  dC  longl- 

todinsJ  oscillation.  The  difeotioii  <>f  oscillation,  ilirrcfore,  is  the  - 
as  the  direction  of  transmission  (wave-path),  which  is  the  radius  of  the 
agitated  sphere.  If,  therefore,  the  direct  inn  of  tin-  mnuktanotion  bo 
followed  into  the  earth,  it  carries  ng  hark  along  the  wave-path  Ui  it* 
Origin,  the  foam.  TWO  lOOfa  VaTO-paHu  by  their  intersection  woold 
tfoiL  'I'h  is,  in  I'ig.  110,  if  e  and  b  be  the  position  •■'. 
t  »o  fleismomet-  s  c  1/  as 

obscrvat--  ~ 
riea,  the  angles  of  emergen. ,, 
r  r  ,i  miij  r  b  it.  being  given  by 
observation,  and  bbedfsta] 
e  b,  being  known,  we  have  all 
the  elements  necessary  to  At- 

inn 

•  .  accurate  pl<  and  ft  x,  and  their  point  of 

.  n nd  therefore  of  the  depth  a  x. 
Wo  have  assumed  the  Barth-wavefl  u  mwuwl    We  mo  justified  in 
so  doing,  because  thil  loss  decided  wave,  end  lOonoairsDi  the 

transverse  ware. 

It  seismometers,  such  as  we  have  described,  are 
results  from  few  observations,  yet  by  moldplying  the  ob- 
v  rough   methods,  approximative  results  inuy  U-  ob- 
Wi   (fill  3  -overal  examples: 

In  lx.r>7  ■  terrible earthquake shook  tin- territory  of  Naplei 
many  towns  tod  villages,  and  killing  abonl   1.0,000  people. 
aoeii'  -notion  was  visited  soon  after  in  If r.  Mallet    Byoarefnl 

.  ii.ii  i-f  overthrown  objects,  niuny  lines  of  transit  of  tli •  ■ 
wave  were  determined,  which,  protracted,  carried  him  aith  cotudderap 
ble  ■  lie  epicentnun  :  similarly  many  tinea  of  emergettoo,  or 

i-rk-al  wave,  protracted  back,  conducted  to  the  focus. 
This  focus  was  determined  to  be  not  a  point,  but  a  flmttrt,  nine 
mil  :>i  through  thrttmik*  9/  nHdrcch.    The  center  of  this 

rrnt    wua    about    six    miles    beneath    the    surface*      Wy   somuwhut 
similar  methods   the    focus  of    the  Japan   earthquake  of    February 
.  was  found  b\  tfilne  to  be  only  three  to  five  miles  deep.) 
M>  n  iliffcrent  and  new  method,  vie.,  the  la  0/  \nhnsity 

<■(  tin.-  Charleston  eartbqneke  of  Au- 
ras found  by  Captain  Dutton  to  be  about  twelve  miles 


•  Maltrt.  Principle*  of  Srianiologf. 
inoloj.-k-*!  i  hij* 


deep.*  Both  of  these  ■•.! t  i  li- (imkes  also  seem  to  have  originated  in  a 
fissure. 

In  IST-t  a  not  very  severe  earthquake  shook  central  I  Jet-many.     It 
has  been  thoroughly  investigated  by  Seebaoh.    The  epjoenfcmm  was 
determined  with  gnat  ]n-i-<-inii»n  by  erecting  perpendiculars  to  tli- 
sooted  chords  of  tho  coseismal  curves.    The  focus  wu»  determined  a*  a 
rent  through  four  rnilcs  of  rook,  the  center  of  the  rent  being  uifl 
ten  mi  lea  in  depth,  f 

The  Velocity  of  transit  of  tho  WttVefl  of  the  Naples  earthquake  was 

860  feet  per  second,  or  between  nine  and  ken  miles  per  minute  •.  that  of 
the  earthquake  of  middle  Germany  was  shout  twenty-eight  miles  i>er 
minute.  The  velocity  of  transit,  in  the  case  of  die  Charleston  earth- 
quake ll  estimated  as  high  as  one  hundred  or  even  one  hundred  and 
eighty  milis  per  minute. 

There  have  been  many  attempts  to  determine  th.- depth  of  > 
quakes  by  other  methods,  especially   k   u-in^  tho  relative  Yelooitiesol 
the  spherical  and  the  siu-f.n-e  waves  as  a   ttuutis  of  getting  thfl  anglo  of 

emergence  (sec.  E  —  -  ) ;  but  such  a  method   is  evidently  valueless, 

beuiiiMe  the  velocity  of  tho  Bpheiioal  mire  [v)  is  not  constant} 

Effect  of  the  Moon  on  Earthquake  -  Occurrence. — By  au  extensive 
comparison  of  the  times  of  occurrence  of  several  thousand  i'arth'|uakes 

with  the  positions  of  the  moon,  Alexia  Penny  has  made  out  with  $om© 
probability  the  following  law*:  1.  Earthquakes  me  a  little  more  ire* 
quent  when  the  moon  fa  on  the  meridian  than  when  she  is  on 

horiSOa     ft  They  arc  I   little   mere  frequent  lit   new  and   full  moon 

)  than  at  half-moon  (quadratures),    8.  They  are  s  lit i  u-  more 

Crequent  when  the  union  is  nearest  the  earth  (perigee)  than  when  she. 
is   farthest  off  (apogee).     Now,  if  these-  laws  uro  really  true,  it  would 

seem  that  there  is  a  slighi  tendency  for  earthquakes  t<»  follow 

Of  tides  :  for  the  lirst  law  gives  the  lime  of  flood-tide,  and  the  UOOnd 
and    third    the  tunes  gf   highest   flood-tide.      It   would   srem,  t! 

that  the  attraction  of  the  sun  and  moon  has  a  perceptible  effect  in 
determining  the  time  of  occurrence  of  earthquakes.    Many  geologists 

ird   these   laws,    if  established,   a-  conclusive   proof  of  the  general 

fluid  condition  of  the  earth  beneath  a  comparatively  thin  crust.  Thta 
interior  liquid  they  suppose  to  be  Influenced  by  the  tide-generati 

forces  of  the  sun  and  moon;  but,  if  this  were  true,  the  effect  oiiL'ht 
to  be  far  greater  than  we  lind  it.     Whatever  be  the  interior  oond 


•  Si  ii  \.  p.  489,  1887.  t  Scobach,  Di»*  Mittcl  Dcuwchc  Krdbrbcn. 

}  Out  although  it  Is  lmpoMlblc  thus  to  Hud  Ma'  depth  of  tin  tfy,  v<  i  imli- 

it  may  be  found,  m  Swbach  luie  shown,  by  tho  rale  of  Hrennae  of  tho  volochy  nf 
the  jurfaoc-war*  {»'),    TV  focu*,  the  Mower  tlic  r»t«  of  d<>crca«  from  infinity 

at  the  rpk-eulruiu. 


i:u:v.\rio.v  and  DBPlffiHOH  ok  ea.rth'3  crust. 
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of  tho  earth,  the  effort  of  the  moon  on  the  meridian  would  be  t->  at 
and  nn   the  horizon   t«i  rrj>  rr\- *,  imy   foree  whatsoever  l"iiding  to  break 
op  the  crust  "f  the  earth  ami  to  prodiuv  iquaks. 

Relation  of  Earthquake-Occurrence  to  Seasons  and  Atmospheric 
Conditions. — By  extensive  com  pan  Lrthqnske-ooowrrencc 

tht?  saasons,  it  has  bean  ihown  that  they  are  u  trifle  mote  frequent  in 

winter  tliun  in  suinni.-r.     Constructing  g  curve  representing  the  annual 

variation  ..f  :...■■  inteii-ity,  tins  curve  rises  to  ite   maximum  in 

January  and  rink*  to  Ita  minimum  bo  July.  Hut  tho  difference  is 
small 

'.  Knott  has  i  - ■  ■  - 1 1 ■  1  •,  suggested  what,  seems  ■  possible  expl«- 
i  tor  Japan,  whan  tin.*  relation  is  suite  marked. 
During  winter, there  ■  high  barometer-- i.  a.,  great  atmofpharie  pro 
the  whole  of   Nortlui  ij    ami  low  barometer 

..•n »::*i . .r--. ; i  I'.uiti.'.  in  addition  to  ttaa,  the  heavy  wrintn  ■  i > . - <.■. . : . .. 1 1 
greatly  increases  the  presume  over  Siberia.  In  nunou  r,  the  oondition 
of  t!  »ned — the  barometer  is  low  and  the  snow  la  removed 

and   '■■■  Ea  high   over  mid-Paoifio.     3 

rhange  of  noses  of  pressure  froen  a  large  land-area  to  a  large  ea 
am  back  and  forth,  moat  tend  to  fracture  the  earth-omat,  oi  to  pro- 

it  of  previous  fracture*,  along  their  dividing  line,  i.  p., 

along  ti»'  sea-basin.    This  is  km.wn  to  be  the  place  of 

origin  of  most  of  the  Japanese  earthquakes  This  would  take  place 
mainly  in  winter,  if  the  tendency  of  the  earth-fercee  producing  earth* 
quake*  were  to  produce  readjustment  by  *nlf.-idenicvi  land  or  elevation 
of  sea-bottom. 

There  il  BO  almoat  universal   popular  belief  in   earthquake-regions 

that  the  e  ia  preceded  bya  still,  oppressive  state  of  the  air. 

Although  no  scientific  iiv.  us  bare  oonBrroed  this  impression, 

mis  quite  possible  and  even  probable  that  diminished  atmos- 
by  a  low  state  of  the  barometer,  nu 
i|  eai  bbquake-o  the  position 

toon  on  the  meridian.    In  both  1-.1.-0-.  however,  wo  must  re 
tho  oanses  of  earthquakes,  but  only  as  causes  determining 

tlic  moment  of  occurrence. 


non  4. — Gmrmi    Klktatiok  and  Depromiom  ok  thk 
BAR1  ii\  Chi  ST. 

Of  all  the  effect.*  of  igneona  agencies  these  are  I'  1  t  im- 

portant.    Although   not  riolenl   and  destructive  like  volcanoes  and 
earthquakes,  although  indeed  bo  little  conspicuous  as  to  be  ,■ 
ibis  except   to  the  eye  of  ting  not  puro: 

but  ooustantty,  not  in  isolated  apota  bul  over  wide  areas  and  1 
whole  continent-,  their  tin  d  result  in  modifying  '  of  the  earth 
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and  making  hisborj  is  far  greater  than  that  of  all  other  igneous  agen- 
rit'S  pat  together.      It  ia  probable  that  tlie  .same  causes  which  are  now 

at  work  gradually  raiding  01  |!  the  earths  oraal  ban  daring 

geological  timet  formed  the  continents  ami  tin-  m 

Elevation  or  Depression  during  Earthquakes.— We  have  already 
spoken  (page  it>5)  of  sudden  slevntiani  or  depressions  of  great  oi 

of  country  at  the  time  of  earllnpiakc-nceurreiioe  in  Hindostan,  in  1 1..- 

vniii-v  of  tin-  Uiarinippi  River,  and  sspeolsJly  of  the  southern  part  of 
South  America.  It  is  not  probable,  however,  that  much  in  accomplished 
in  this  paroxysmal  way.  These  cases  arc  referred  to  iu  order  to  show 
the  oi  OB  i ■■■iiiiectinH  of  BOOB  Midden  bodily  movements,  ami  i! 
presumably.  aUo,  of  the  dower  movements  about  to  bo  described,  with 
the  causes  and  forces  which  produce  earthquakes. 

Movemeats  not  oonaected  with  Earthquakes— South  America.—  Be- 
sides the  Bidden  deration  of  Chili  and  Patagonia  by  earthquake*,  the 
same  countries  show  evidences   of  gradual   elevation   DO  a  titiipendous 

booIo.    The  evidences  are  old  sea-i>.  aohe.%  full  of  shells  of  spec 
living  in  the  adjacent  boo,  far  above  the  prawnt  water-level    These 
"ratssd  beachu"  barve  bean  braced  1.180  miles  on  ths  eastern  shore 
ami  8,070*  miles  00  ths  sfeatern,  and  oi  different  lerels  Emu  I0Q  to  LJOO 

feet  above  the  sea.     More  recently  Alexander  Agassis  has  traced  them 

by  means  of  corals  still  stir ki in/  to  the  rocks  to  the  height  of  m 
3.000  feet*     It  is  not  probable  that  all  this  movement  took  place  dur. 

ing  the  present  geological  epoch,  hut  it  is  the  more  LnstTOCtr 

very  OOOOOnt]  sinOQ  it  shows  the  identity  of  geological  causes  with  causes 
now  in  operation. 

Italy.— The  most  carefully-observed  instance  of  gradual  depression 
ami  elevation  jj  that  of  the  coast  of  Naples.  Fig.  Ill  is  a  map  and 
Fig.  118  a  section  of  the  coast  of  the  bay  of  Bait*,  near  Naples.     Be- 
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tween  a  a  a,  tho  present  coast-lino,  and  tin-  cliff  b  b  b,  which  marks 
position  of  the  former  OOast  line,    there   is  u  D« ;irlv   level   plain 
called  the  Stars*.      '  ■■■  is  perfect  I  that  at  one  time 

the  land  was  depressed  until  the 
sea  Wat  against  the  cliff  b  b,  and 
that  Ix'th  the  depression  and  tho 
urn  to  ita  present  condition 
took  place  since  the  period  of  Ro- 
man greatness.     Tho  aridUMM  is  as 

full., 

1.  The  re  are  certain  shells  abundant  in  i  In-  af<  ilin-rranean  and  in 
many  other  seas,  called  UtkodentU  (\*8<x,  a  stone;  aVmitt\a  house), 
from  tho  habit  of  boring  for  themselves  holes  in  tin  >  tin: 

water-line.   Such  boringaj  often  nith  the  dead  •hells  in  thcm,mv  found 

all  along  the  base  of  the  cliff  fib,  twenu  feet  above  the.  present  sea- 

i  The  leTal  plain  oaUed  Starza  is  composed  of  ntrato  nnntaritr 

ing  shells  of  the)  and  Roman  works  of  art.    3.  Ontiu.- 

plain,  near  the  present  sea-margin,  are  the  ruins  of  a  Roman  temple 

ija    'I'}»«-  Boot  nd  three  of  tin-  Dohnnna '/  at 

this  beautiful  work  are  i*till  allBOal  pfifo  t  I [Figi  1  IS),      When  tir.-t 
covered  the  floor  and  the  lower  part  of  the  columns  were  covered  by 
the  materials  nf  the  plain.     Above  the   part  thus  covered  the  columns 
were  bored  with  I  to  ;i  heigfal  of  taenfg  bob    This  temple  was, 

-'"tirse,  al  wtl  daring  the  Roman  period.    After  that 

period  it  sank  until  the  sea-lovel  stood  at  g'  (Fig.  1 VI),  twentv  feet 
above  the  base.  Now,  the  floor  of  the  temple  is  again  on  a  level  with 
the  ate.  These  changes  were  so  gradual  that  they  were  entirely  insen- 
sible, and,  in  fact,  unknown  to  the  inhabitants.  The  oprighi  position 
be  columns  also  shows  that  it  could  not  have  been  produced  by 
convulsive  action.  4.  Italian  historians  state  that  in  1530  the  sea  beat 
against  the  cliff  bb.    5.  Evidences  of  similar  changes,  in  some  cases 

iression  and  in  others  elevation,  are  seen  in  manv  places  along  the 
coast  of  Italy,  Candia,  and  Greece. 

In  all  the  cases  thus  far  mentioned,  but  sapeoiallj  that  of  the  tem- 
ple of  Serapis,  the  near  vicinity  nf  volcan..c  LI)  sug^efti  that 
these  effect*  were  probably  in  some  way  connected  with  volcanic  ac- 
tion. But  there  are  many  instances  iu  which  no  such  oauMotion  can 
be  traced. 

Scandinavia. — The  best-observed  Instance  of  this  kind  is  that  of  tho 
coasts  nf  i  brefo]  observations  on  the  coasts  of  the  l'>. 

and  Polar  .Seas  have  proved  that  nearly  the  whole  of  X-*rway  and 
Sweden  is  rising  slowly,  and  has  been  rising  for  thonsanda  of  years. 
South  of  Stockholm  there  is  no  eli  but,  on  the  contrary,  slight 

i  nit  north  of  Stockholm  the  whole  coast  is  rising  at  a  rate 
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which  increases  as  we  go  nurlh  unlil  it  attains  a  maximum  of  fire  to 
six  foot  per  ect in irv.     These  DbMTTfttUUU  wore  Hilda  under  1  b 
tion  of  tin-  Swedish  Government  by  moans  of  permanent  marks  made 
at   the    si-a-li'vd.   and   examined     fn>m   yea?    to   year.      That   similar 
ohflngBS  li.ivc  been  in  progress  for  thousands  of  years,  and  have  greatly 

boon  h  ill'1  height  and  the  extent  of  these  countries,  U  proved 

by  the  fact  that  uhl  srn-lti'itrhrx,  full  of  shells  of  sjieoios  now  living  in 
the  neighboring  seas,  arc  found  fifty  in  :-.-. cuty  miles  inland,  and  100, 
200,  tad  even  600  feet  above  tic  t  sea-level.    In  some  place?,  the 

country  roi-k.  wIicti  uncovered  by  removing  superficial  deposit  Of  beach- 
shells,  is  found  Btttdded    with  barnacles  like  those  which  mark    Um 
ut  thare-lina  (Jukes). 

Ths  rising  area  is  about  1,000  miles  long  north  and  sow  i 
unknown  breadth       It  may  embrace  a  considerable  portion  of  Russia. 
Lyell  estimates  the  average  rate  as  not  more  than  two  and  a  half  feet 
per  century.    At  this  rate,  to  RM  800  feet  would  require  24,000  years.* 
Similar  raised  beaches  :nv  found  in  nearly  all  countries.      vVe 
tlu-i-  is  examples  of  an  almost  anirnraa]  phenomenon,  which  wfl] 
again  more  perfectly  described  in  the  chapter  on  the  Quaternary. 

Greenland-—  l-"r  obviona  reasons,  evidences  of  elsvation   SX8  much 

more  oonspicaotu  Qua  evidenoM  of  dtprmion.  One  of  the  best-ob- 
servedio  of  the  latter  la  that  of  she  coast  of  Greenland.    This 

ooaat  ia  now  sinking  along  a  apace  of  G0U  miles.  Ancient  buildings 
on    low  roek-idands   have   hen  gradually  submerged,  and  ex|M-r: 

has  taught  the  native  Greenlander  never  to  build  bin  hut  ■ 

w.il '•;•'.-■  '  .!■_-■■. 

Deltas  of  Large  Rivers. — In  the  deltas  of  the  Mississippi,  the 
Ganges,  the   Po,  and   many  other  large  riven,  there  are  unmistakable 

evidences  of  gradual  depras- 
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b.-ncca  are 
fresh-water  shells,  and  p 
of  vegetation,  or  diri 
far  below  the  present  1. 
tha  sea.     A    section    -'f  the 
delta  deposits  of  the  M 
aippi   River  reveak 
tluit.  tlnse  deposits  con-: 
i  iut  aands  and  olaya,  I  </, 
(Fig.  118),  contain: 

waitt  tb  now  and 

then  an    intercalated   stratum   of  marine  origin,  /,  containing 
shell!i,  and  at  uneertani  Intervals  distinct  lines  of  turf  or  vegetable 
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i}.'  g'\  each  with  flu  stamps,  ami  roota  of  cypress  trooi  u  they  originally 
grew.    Each  one  of  these  turMim-s  ia  a  winerg  atyroiMMfV  ex> 

c<pt  tin-  app<  rhich  is  till-  present/orest-groand.    Pteojaalj 

ilar  |  erred  m  ether  btrge  deltas.    Thedi 

of  t'  88  and  the   IV)  lime  bean    |  il   more  than  400  fei-i 

wit'n  bottcffli     In  both  the  deposit  i.«  made  up  i  water 

with  dirt-Ms  or  forett-gronnda    tik.su  facte  p 

that  these  gnat  deltas  have  boon  ut  intervals  during  the  whole  period 
fnnuatinu,  ae  tiny  art-  miv,;/n:sh-trn  .  overgrown  in 

parts  with  trees,  eta ;  thai  tiny  have  steadily  subsided  to  &  depth 
catcl  bj  ing  thec4dforest-gronnds; 

iliat  tliL-  op-building  by  rivar-d  ea  gone  on  port  jatefas  ho  as  to 

man,  ■  ■];■  the  mmo  level  all  the  timr.  bat  tlmt  from  time  to 

lime  the  was  more  rapid,  fio  tea  gained  poasoi 

for  a  while  until  it  waa  again  reclaimed  by  riTer-depoait,  and  again 
more  alow,  eo  that  the  ares  in  thoroughly  ooTered  with  forests, 

•o  on.  re  of  gnat  importance  in  geology,  and  wi] 

again  n  the  following  pa 

Southern  Atlantic  States.—  Btidenoei A  n  dmflar  kind  proves  that  a 
largo  portion  "f  the  ooaste  of  our  fionthara  Atlantic  States  ia  slowly 
gub-i  ut.  timo,  though  there  are  also  eridensea,  in  the 

Barm  "f  raised  beaches,  of  ttevation  bnmadiately  preoeding  the  pn  a  a< 
sabp'  subsidei  ee  are  moel  oonapionooa  along 

coast  of  Booth  Carolina  agin,    They  i 

ilow  the  present  lidedeveL    According  to  Oook,  late 
logiatofNew  Jersey,  the  coast  from  Long  i  ape  M 

unking  a"  ntnry. 

ji  facte  sworn  to  point  to  th<  km  that  anbeidanoi 

irhere  large  deposits  of  se  li  aani  araaooanmlating. 
Pacific  Ocean.— Hut  by  far  bhe  graudeat  axampk  ol  rahtadencc 
known  U  that  whieh  has  been  going  on  f«-r  thousands,  probably  him 
thousands,  of  years,  and  II  going  on  in  the  mid-Pacific 

Ocean.    The  subsiding  area  or  tho  equator*  and  is  a! 

l>out  2,000  to  3,000  miles  wide.      I  '  -o  of 

the  subsidence  ui 1 1  d  from  the  Stodj   of  coral 

-  in  this  region.    The  further  disensaioa  of  the  subject  will  bi 
ferred  until  we  take  op  ooral-reofa. 

Oni  i,be  it  observed,  are  all  taken  from  the  vieinitv  ol 

coast- lines,  the  s  being  used  as  term  of  comparison.     In  tli" 

-ior  of  continents,  and  in  tli  I  <>f  tlm  m-h  where  there  am 

ulauds,  I  as  of  detecting  changes  fails  as,  yet  it  is  precisely 

.-.,  En   the  middle  of  the  rising  or  subsiding  area,  that  the 
changes  arc  probably  the  greatest..     /,,  \f  continent^  boa 

asalrtsid'  ige  Ti,  we  h;  or  test  of  cruet-mi 
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mcnt.s,  \'i7..,  the  jilntn.rntiiJ4  of  river-beds.  In  a  riling  urea  the  rivers 
Out  rapidly  deeper ;  in  I  wWdlflg  arm  they  lill  ii|>  their  old  beds  and 

nee  to  higher  level.    In  this  way  we  know  that  the  Plateaus  -  <err* 

regions  b  stly  risen  in  comparatively  reoent ;  times,  and  are  still 

rising,  while  the  New   Kngland    region  has   recent!]  subsided,  thoagb 

probably  U  not  still  subsiding.     The  evideme  of   this   will    be  g 

hereafter. 

'/  Jir.o-i,.<  e/  !■:!,, <ntion  and  I >■]>*■>>. ■•km. 

It  IB  evident  that  observation  only  determines  changed  oi 
position  <>f  sea  and  land.     These  changes  inny  be  the  result  of   tin  and 
fall  of  sea  and   fall  of  land.     The  popular  mind  natiiralh 

tributes  them  to  t ho  rise  and   fall  of  the  ■■    the  more  unstable  tl*- 

moot.    Bat,  by  the  principle  ol  hydrostatic:  level,  it  is  <i  |tos- 

siblo  that  the  ocean  should  rise  01  fall  perouttti  ntty  Si  without 

'  similarly  atT.rird   everywhere,      i  that  the 

changes  we  huvu  described  above,  being  in  different  directions  in  dif- 
ferent places,  must  be  due  bo  taovtmtntt  of  the  toHdcrmt.     Wi 

lets,  it  is  alio  true  that  uny  increase  in  the  height  and  extent  of  the 
irJtolc  miriiiuif  of  land  on  the  glolx:  must  he  at  tended  with  a  correspond- 
ing depre-'-ii.n  of  tho  sea-bottoms,  and  therefore  an  sotnal  subsidence 
of  the  sea-level  everywhere.  IIer.ee,  if  it  be  true,  as  is  generally  l>e- 
lieved.  that  the  continents  have  been,  on  the  whole,  increasing  in  cl- 
ient and  in  height)  is  the  course  of  geological  history,  then  it  is  true 
also  that  tho  seas  have  been  subsiding,  and  that  therefore  tho  relative 
changes  are  the  mm  of  these  two. 

Admitting,  however,  tltat  tho  actunl  increase  of   laud  at  the  present 
liuir  is  imperceptible,  or  at  least   very  small  in  comparison  with  the 
oscillatory  movements  described  above,  wo  may  look  upon  the  sas-2i 
imfirrd:   this  statement  being  snlli- ii-ntiy  correct  v,  hen    i  -the 

Bllbjl  tho  physical  point  of  view,  thongh  untenable  when  re- 

garded  from  the  :■  I  point  of  view.     Admitting,  then,  the  fixed- 

ness of   the  sea-level,  what  are  the  causes  of  the  gradual  movement 
the  solid  crust? 

Babbage's  Theory.  —  Babbage  believed  that,  in  the  vicinity  of  Tolas- 
noes,  the  rise  and  fall  of  ground  were  due  to  the  v\\  md  eon- 
traction  of  rocks  by  heating  nud  cooling.  The  co-elevation  of  Ihfl 
temple  of  Scrapis  occurred  apparently  soon  after  the  eruption  which 
formed  Honte  Nuovo  (Big  111).  It  is  not  improbable  that  this  re- 
ilev.iiinii  was  the  result  <if  the  heating  and  vertical  expansion  of  the 
rocks  to  great  depth,  caused  by  the  eruption  of  the  interior  heat  at 
this  point  A  very  small  elevation  of  temperature  of  rock 
miles  thick    would  lie  sufficient   to    produce  a  vertical    expansion  of 

twenty  feeh 

Other  cases,  such  as  the  rise  of  sea-margins  at  a  distance  from 
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Itabbagt!  explains  as    follows:    Largo  BCOaXBOk  < 
of  ted inn -ii ■<.   Mi'li   as  occur  gi  M  coasts,  woul<l  cause  a  rise 

toward  the  surface  of  ill  tin-  subjacent  isogsothermsi    Tola  innrPMfl  of 

....u'hl  oaUB  a  vertical  expansion  or  bwoIIiiil' 
of  tho  crust  i\-  nit,  and  a  consc<|iH'iit   rise  iboVC  Ifafl  BSSJeVSjL 

great  ob.  on,  as  appliei  I  tor  cases, 

1.  The  elevation  of  ecu-bottom  from  this  cause  would  ti"t  affect 

nig  land;  and,  %,  Thai  the  planes  where  the  greatest 

qitimtitic-  of  sediments  are  depositing  (as,  f< ir  instance  the  deltas  of 

great  rivers)  are  place.-  of  tub*i</-wr,  instead  of  elevat 

Hersohel's  Theory.*    Sir  John  Hot  nines,*?  ■  general  law 

—what  has  been  proved  in  a  great  Dumber  of  in-fani-cs — that  ureas 
of  great  accumulation  of  sediment  an  areas,  of  subsidence.  So  agrees 
with  Bubbuge,  that  aocnmnlation  of  sediments  must  cause  an  upward 
movement  of  the  Isogeotherme,  tral  be  differs,  fron  Babbage  in  bsUav- 
ing  m  of  sediments  bj  the  interior  heat  would  prod  hit 

.<-tcad  of  elevation.     For,  according  to  Ilcrschel,  the  inva- 

by  the  interior  heat  would  produce  ohsnaoal  changes, 
aomatimee  even  aqneo*igneons  fusion.    These  chemical  chai 
.-  other  effects  they  produce,  would  certainly  ohange  loose  sedi- 
ratalline  rooks  (metmnorphism),  thus  produc 
contraction  instead  of  expansion.     The  accumulating  sediment  mean- 
Is  would  by  the  pleasure  of  its  own  weight,  on  the  liquid 

or  semi-ln|<iid  thus  fo:i' 

Recent  View. — Again:  On  the  view  that  then?  exists  a  snb-crnst 
liquid  matter  (page  87),  not  onlj  would  touting  with  sedi- 
marginal  sea-bottoms^  bat  also  lightening  by 
ronld  pro*  of  ln»il-mitfate$. 

General  Theory. — The  theory  of  Bat  la  with  great  | 

•  of  ground  in  the  vicinity  of  volc;turH's,uud  Ilerfvhel^B 

kps,  f'-r  tho  subsidence  of  deltas  and  other  pi 

locnmulation  of  sediments  occurs;  and  this  latter  theory 

has  tho  additional  advantage  of  accounting  for  metamorplii-.n.  ami 

iK-ruana,  also,  for  volcanic  phenomena.     But  it  is  evident   that  some 

al  theory  is  necessary  to  account  f<>r  tin 

crust  whicl  form  land  and  tea-bottom.  For 
rxamplc:  although  loading  with  sediment  may  cause  sea-bottomsj  to 
sauk;  and  Iil  by  erosion  may  cause  land-surfaces  yt 

plain  how  sea-bott'iins  :in<l  lanil-siiirfaees  came  to 
be  such.  These  great  inequalities  must  be  originated  b]  some  other 
cause;  luadiug  and  lightening  onlv  tend  to  maintain  them.    The  for- 
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BOH  of  those  must  be  :i  phenomenon  MijiuMvhat  ditTerent  fr, 

local  oscillations  which  alone  hare  been  the  subject  of  direct  obaarra- 
tion.  Such  general  change.-  can  «»nl v  be  the  result  of  gradual  unequal 
contraction  of  tht  vhoti  forth  consequent  upon  its  xoeular  cooling. 

The  further  discussion  of  this  theory,  however,  belongs  properly  to  the 
second  part  of  this  work. 


OEULPTEB  IV. 

ORGANIC  AG  EXCESS. 

As  agenta  modifying   the  crust  of  the  earth,  organisms  are,  per- 
haps, inferior  In  the  agent  *  :ili  nt.i 1  (although  t  lie  inn;.- 

thickness  sod  extent  of  limestone  strata  are  ■  monument oi  their  power 

in   this  i-fspeeT) ;  m-vert  holes*,   they   are   ] uliarly   in  <r  to   id-- 

geologist  sis  delicate  indicators  of  climate,  sad  recorders  of  the  event* 
of  the  earth's  history.     We  will    take  up   the  suhjeet  of  their  agcnei 
under  three  heads,  each  havin;,' n  separate  application  m  iutcrpr. 
the  Rtruetnre  and  history  of  the  aarth,  vis.:  1.  Vegetable  Accumula- 
tions, to  account    for  coal  and    hiltiinen;   '2.   Bog- Iron   Or  ODD) 

for  iron-ores  inclosed  in  tho strata;  '■'•.  Lime  Accumulations,  i 
for  limestones,  si  , 

nofl  I.     l  9LE  Acocaiciaw 

Peat-Bogs  and  Peats  ><-iiiii<>s. 

Description. — In   humid  climate.-',  in  certuin   place;-,  badly  dn 
and  overgrown  with  mosw  and  shrubs,  a  blaek  carboiiiiernns  mud  ;.. 
mutates  often  to  greal  depths.     This  substance  is  called  peal  or  I 
and  snch   localities  peat-bogs.     The  thick   mass  of  veget.ui on  irhiofa 
COVc i  nrface,  With   it-'  interlaced  roots  often  forms  a  crust  OpOn 

which  9  precarious  footing  ma]  be  found,  bul  beneath  this  Is  a  tremu- 
lous, semi-fluid  ouegrafre,  sometimes  twenty  to  forty  feet  d 
which  nii-n  aa>l  animals,  venturing  in  Marcb  of  food,  are  ofl 
Then  aumerous  in  northern  climates.    One  tenth  of  the 

whole  surface  of    Ireland,  and  largf  portions  of  Scotland.  Kngland, 
Prance,  are  corered  with  peat.    The  bog  of  the  Shannon  River  is  G 
miles  long  and  three  miles  wide;  that  of  the  Loire  In  France  fa 

miles  in  circumference.     Extensive  hogs  exist  also  in  the  northern  p 

lions  of  our  own  country,    Theamouni  of  peal  in  Massachusetts  alone 

has  boon  ostimated  at  more  than  1. "..'100,000,000  cubic  fret  (Dana).     In 
California,  tin  imperfect  jieat  covers  large  areas  about  the  month  oi 
San  Joaquin  River  and  elsewhere  (tale-lands).     In  more  southern  eh- 


PEAT-BOGS  AKD  PEAT-SWAMPS. 


HI 


whore  the  condition  of  humidity  is  present,  immense  aecumuhv 
nf  peat  also  occur— not,  however,  in  bogs  overgrown  with  mow 
shrubs,  but  in  extensive  iswbjm  oovered  with  laryc  trees. 
Composition  and  Properties  of  Peat—  Port  b  disintegrated  and 

part:  imposed  vegetablu  DUttST.     It  is  DOBipoSfid  of  rnrlnui.  with 

small  und  variable  quantities  of  hydrogen,  oxygen,  and  nitrogen.     I 
thcr  etable  matter  which  has  l<-.-t  a  part  of  its  gaaoous  0 

affbtefifs^  and  in  which,  therefore,  the  carbon  \*  greatly  in  excess.  In 
more  recent  peat,  the  isgetnble  nature  ami  gtntetOK  IN  plainly  detect- 
able by  the  eye,  but  in  older  peat  only  by  the  microKCope.  In  all  coun- 
tries where  it  occurs,  tt  is  dried  nnd  used  as  a  valuable  domestic  fuel. 
Ily  powerful  pressure  it  may  be  ouim  rh'il  into  a  substance  nearer!;, 
riahsble  from  some  varieties  of  coal,  and,  thus  changed,  is  now 
used  for  all  purposes  fat  vhich  cod  is  used,  and  has  there- 
fore btoomfl  Bfl  important  article  of  commerce. 

lVat  possesses  »  remarkable  antfatpfic  property.     This  propei 
pnil Mibly  due  to  the  presence  of  huinic  acid  and  of  hydrocarbon.*  anal- 
ogous to  bitumen,  which  aro    formed   only  when   vegetable  matte 
^decomposed  in  presence  of  sxOfU  of  -wain:     The  bodies  of  men  and 
animals  have  been  found  in  bogs  in  a  good  >late  of  preservation,  which 

■ay  IniinJi  in  1747, in  ac  Bskg] 

i"ly  of  a  woman  wits  found,  with   skin,  nails,  and  hair,  uln 
perfect,  and   tnf.'i  tOHtlaU  on  hff  />>■!.      In  Ireland,  under  ele\en  feel  o( 
••!'  a  man  was  found  oUtthtd  M  COOT*  hnir-rhilh.    Several 
'  ea  of  bodies  of  men  and  animals,  and   Innumerable  in- 
Hianivs  of  skeletons  of  animals,  i  i-  <  nod  in  bogs  where  they  have  par* 
ished,  might  be  mentioned.     Large  trunk*  oi  trees  are  often  bq  i 

that   the;.  1    us    timber,  and  stumps  similarly 

preeenred  are  found  with  their  root*  firmly  fixed   in  the  mider-soil  of 
the.  bog  aa  if  they  had  grown  on  the  original  soil  on  which  t In-  hog  was 
ited. 

Mode  of  Growth.— Plant.-  take  the  greater  portion  of  their  food  from 

I    the  annual  fall  of  leaf  and  finally   by  19 

Thus  is  formed  the  hum;;  V/ found 

in  all  forests.     Th  toe  would  increase  without  ]  re  it  not 

that  its  di  s  on  pari  pawn  with  it*  formation.    lint  in  peat-bogs 

and  swamps  the  excess  of  water,  and.  still  more,  the  antiasptie  property 

'■■>•  peat  itself,  prevent  complete  decay.    Thus  each  generation  takes 

from  the  air  and  adds  to  the  soil  continually  and  without  limit.    The 

made  up  entirely  •>?  this  nncestral  accumulation  continues 

to  rijc  higher  and  higher,  until  the  bog  often  becomes  higher  than  the 

Mirmunii  and,  when  swollen  bj  uuusuul  rains,  i-urste  and 

with  black  mud.     A  bog  is  therefore  composed  of 

the  vegetable  matter  of  thousands  of  generations  of  plants.     It  IS] 
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.  i  M  niiirli  mutter  withdrawn  from    the  atmosphere  and  added  to 
the  soil.     In  some  cases,  besides   t  in-  materia!   deposited    from   the 

growth  of   M.'L'ctiiliini  Ml  ritu,  the   accumulation  rn;i ;.   DO  paiily   ,•»!-• 

result  nf  organic  matter  drifted  from  the  Borroiioding  eorf 

Rate  of  Growth- — The  rate  of  pent-growth    run 

since  it  depends  upon  the  rigor  <»f  the  vegetation  and  upon  the  manner 
of  accumulation,  whether  eiuir.dy  by  growth  of  planti 

by  driftage     Main  of  the   Kumpean   hogs  ure  evidently  the  growt! 
lint    more    thuii   eighteen    hundred   years,  for   they  were    forest.-    in    the 
time  of  the  Itomans,  or  even  later.     The  felling  of  these  forests,  as  u 
military  nn  iisnre   hi  complete  the   subjugation  of   the  country,  ami    the 

Bonaeqaenl    impedimenta  t<j  drainage  thai  produced,  haw  ehai 
them  into  bogs.     At   their  bottoms,  ami  covered  with  eight  to 

of  pout,  are    Found   the  trunks  und  the  sturhpx  of  the  original    for 

the  :iu'-  ami  nun-  nl    the  Uoinuii  sulilii-rs.  ami  the  roads  of  th. 

army.     The  rate  of  accumulation   ha--   hern   variously  estimated,  from 

one  or  two  inches  to  kvqmI  bet  per  eentnry.    in  all  caw*  ol 

growth  in  si/n.  however,  ami  therefore  always  iu  great  peat-SWampa, 
i  i H   increase  is  very  slow. 

Conditions  of  Growth.— Tim  c.nditions  usually  considered  necessary 

for  the  formation  of  peal  are  mid  ami  vinistiir,'  ;  ami  of  these  tlw 
former  is  considered  the  more  Important,  SS  without 
Vegetable  matter  would  lie  destroyed  by  decay.  In  proof  of  this  it  U 
stated  that  peat-bogs  are  more  numerous  in  cold  climates.  But  it  is 
more  probable  thai  ftXOesi-  of  moisture  is  the  only  important  condition. 
This  condition  may  be  rarer  in  warm  climates  OH  account  of  the  greater 
capacity  of  the  air  fur  moisture    in  these  climates;  but  when  it  is  p 

<  - ■  ■  *  immenie  ■ooamnlatiomi  of  peat  occur  in  extensive  swamps.    The 
Orul  Dismal  Swamp  is  a  good,  illustration.     This  swam].. 
partly  in  North  Carolina  and  partly  in  Virginia,  is  forty  miles  long  by 
twenty-five  miles  wide.     It  is  covered  with  a  dense  f. -r- 
and  other  swamp  trees,  by  the  annual  fall  of  whose   leaves  the  jm  : 
formed.     These  tree-*,  by  means  of  their  long  tap-roots  and  their  v, 
spreading  lateral  root*,  maintain  a  footing  in  the  insecure  soil,  bm 
often  overthrown,  ami  add  their  trunks  ami  branches  to  the  ' 
accumulation.    The  original  soil,  upon  which  the  accumulation  was 
formed,  must  have  been  lower  in  the  center,  but  the  surface  of  the 

rises  very  gently  toward  the  center,  which  h*  twelve  feet  high 

the  eiromnferenae  (Fig.  H4).    Hear  the  center  then'  ir  a  lake  ..r  aher, 

wine-eolo red  water,  seven  miles  a<  toss  and    Bftaen   feet  dd 
an. I  bottom  Of  which  are  composed  of  pure  p 

In  the  Mississippi  River  swe  in^e  areas  where  pure 

peat  has  been  accumulating  for  ages,  and    is  still   accumulating.  In 
growth  of  trees  fa  situ,  though  Bubjcct  to  the  annual  Bloods  of  the  r 
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ThapurtH$M  of  the  pent  in  these  cases  is  due  to  t!ie  fact  Lhut  the  mud- 
I  of  ill-   riv.;  tied  of  all    their  sedimentary  matter  by 

ft  ^__— — — " T-^-S— r— ^ A_ 
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FM.  i  '  <  n™»  through  Dlanul  Swamp,    a  «,  origin*!  toil ;  t  6,  |x«t ;  /,  lake. 

passing  through  e  jungle-growth  of  eane  and  herbage  which 

surrounds  these  favored  spots.     Tints  only  pure  water  reaohM  them.* 
swamps  arc  found  at  the  mouths  of  the  Ganges,  the  Niger, 
ami  other  peat  ri 

Alternation  of  Peat  with  Sediments  —  We  him  already  stated  (page 
I  i.f  tiie  delta-deposit  of  trmnv  great  rivers,  such  as  the 
Mississippi,  Gauges,  and  Po,  reveals  alternate  Shuts  of  fresh-water  ami 
ta,    with    thin     layers    of    vegetable  mold    cuntaininjr 
stumps.     In  some  cases  these  layers  of  vegetable  mold  amount  to 
s  of  turf  or  peat.     Layers  of  peal  two  feel  IhSdh  I 
oi  ml  between  layers  of  river-mud  In  the  delta  of  the  Ganges 
1 1. si  !l\  Principles  oi  I  oology).    Similar  layers  have  been  found  in 
ta  of   the  Po,     They  are  evidently  "W  peat-wampt. 

ita  are  of  great  impoi  the  explanation  of  the  aeonmn- 

aof  coal 

Drift-  Timber. 

at   rivers  in  w led  countries  always  bring  down  in  large  num- 
bers the  brni  k*  of  trees  torn  from  the  soil  of  their  banks.    These  trunks 
near  their  mouths,  w  hero  the  currcnl  i    lest  swift,  and  ecovmn- 
Eating  from  year  m  rafts  of  great  extent.    The  great  ruft 

of   the    Atehafahya,  which  was   r  by  the  State  of 

Louisiana,  was  a  mass  of  timber  ten  miles  long]  seven  hundred  h<  I 
wid>  i.-'k.     It  had  been  accumulating  for  more  than 

fifty  yean,  and  el  of  its  removal  was  covered  with  vegetation, 

and  even  with  trees  shttj  feel  high.    Similar  Ho-umiilution*  of  drift- 
wood are  described  as  occurring   in  the   lied  Biver,  the  Mackenzie 

Lake.       Such    rafts    b me    finally    imbedded   in 

river-ma  ^o  a  sloe,  into  lignite  <>r  imperfect  eoal. 

Bed  ally-formed  lignite  an  •  etions  of  the 

i  great  rivers.     W'o  will  nse  these  beta  in 

■peaking  of   the  theories  of  the  coal. 

2.— Boo-Iboh  Obb. 

At  the  bottom   of  |  ><^it-bogs  is  often  found  a  "  hard  iron- 

ore,  sometimes  one  to  two  feet  thick.    The  same  materi  'I  often  ooUecte 
IW  spot*,  i  ded  bog.    The  maimer  in  which 
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i  iii-  iron-ore  accumulate  is  very  interesting,  and  in  a  geological  point 
of  view  very  important. 

IVruxido  of  iron  exists  very  generally  dilluwd  aa  the-  red  culoring- 
maiteroi  anil  and  Mick-.  In  this  Cum,  however,  it  jg  insoluble,  and 
therefore  c:m  not  be  Wished  out  bj  percolating  waters.  Fkff  tin-  pur- 
pose tin  of  decomposing  organic  matter,  present  in  nil  pem  lin- 
ing waters,  ia  necessary.  DeOOmpOSitlOB  of  organic  matter  in  a  process 
Of  Oxidation.  In  contact  villi  peroxide  of  iron  (ferric  oxide)  it  ileoxi* 
dhxs,  and  n  duces,  it  to  protoxide  (ferrous oxide).  The  Bcidii  especially 
carbonic  acid,  produced  by  decomposition  of  the  organic  matter,  then 
unite  with  the  protoxide,  forming  carbonate  of  iron.  Tho  carbonate, 
Oling  soluble  in  water  containing  excess  of  OOrboni  :s  washed 
out,  halving  the  soils  or  rocks  tlerulorized,  ami  th*  iron-charged  waters 
(Mine  np  us  chalybeate  springs.  But  the  ferrous  carbonate  rapidly 
oxidizes  again  in  the  presence  of  air,  by  exchanging  its  carbonic  acid 
I'm-  DSJg0B|  and  returns  to  its  former  condition  of  ferric,  oxide,  ami  il 
deposited.  Thus  all  about  iron-springs,  and  in  the  course  of  the 
streams  which  How  from  them,  and  in  low  places  where  their  waters 
accumulate,  we  find  reddish  deposits  of  hyd rated  ferric  ozids,  This 
is  the  most  common  but  not  tho  only  form,  lor  if  the  iron-waters 
accumulate,  and  the  inm  be  deposited  in  the  pn  mice  of  excess  of 
orgjmie  ma  Iter,  as  peat,  then  Llio  itOD  i»  not  (for  in  the  presence  ot 
t  his  reducing  agent  it  can  not  he)  reo\idi/,cd,  bul  remains  in  the  form 
of  firrnus  ixirbon<itfi. 

Thus,  there  are  two  forms  in  which  iron  leached  out  from  the  soils 
and  nicks  may  accumulate,  viz.,  ferric  oxide  and  ferrous  earh-j 
former  ia  accumulated  where  the  organic  matter  is  in  small  t|iianl 
and  consumes  itself  in  doing  the  work  of  dissolving  and  carrying;  the 
l.iiici  where  the  organic  matter  is  in  excess. 

Many  familiar  phenomena  inav  be  explained  by  the  principle* given 
RbOTOi  1.  day  containing  both  iron  and  organic  matter  is  line: 
but  always  blue  or  llate-Oolored,  because  the  iron  is-  in  the  form  ol  fer- 
rous carbonate ;  hut  the  same  clay  will  make  good  red  brick,  because 
by  burning  the  organic  mutter  ia  destroyed  and  the  iron  peroxidxRd. 
-.'.  Iii  /■'•il-rlin/  soils,  such  as  those  of  our  primary  regions,  the  BUXface- 
Boil,  especially  in  forests,  Is  always  decolorized,  the  coloring  oi 
of  iron  being  washed  out  and  carried  deep  r  bj  water  containing  or- 
ganic mi  cited  fn.m  tho  vegetable  mold.  8.  In  sections  of  mi 
clay,  at  the  sides  of  gullies  or  railroad-cuttings,  along  every  fissure  or 
crevice  through  which  superficial  v.  rcohite,  the  '  lay  is  bleached. 
The  marbled  appearance  of  rod  clays  is  also  probably  due,  in  a  great 
measure,  to  the  irregular  percolation  of  superficial  waters  containing 
organic  matter.     -1.  The  under  clay  or  sand  of  peat-boga  is  usual  1/ 

decolorized. 
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will  hereafter  make  dm  of  these  facts  aud  principles  in  the  ex- 
beds  of  iron-ore. 


BfctiOB  .'$.-i.:-.i  i   'm  i  i  mi  i  '.  nova, 

Coral  lieefs  and  Inland*. 

Interest  and  Importanee. — The  subject  of  oorali  end  coral  nets  ii 

one  uf  much  popular  m  wi-ll  u*  si-ii  iu  iflc  interna    The.  strange  forms 

and  often  splendid  colors  of  the  living  animal)  ;  bhe  Dumber  and  ex- 

oauty  uf  the  corn!   inlands  ii'hii  surface  of  certain 

.  the  large  amount  of  habitable  land  which  extstonos  to 

the  agency  of  these  minute  animal- :  tin    fad   that  a  huge  area,  prob- 
ably several  thousand  miles,  has  been  thus  added  to  our  own 
territory;  the  grei                 oonneoted  with  the  navigation  of  coral 
seas,  strikingly  displayed  on  our  own  rua-t  In  t  In-  fact  (hat  tin-  cini-i'l- 
rrable  towu  of  Key  \\  OSt  U  almost  wholly  dependent  on  the  wrecking 
mess  for  its  existence — these  and  many  other  facts  invest  the  sub- 
witli  popular  interest,  while   the   great    importance  of  i-i>cal>  a-  a 
ivea  the  subject  a  scientific  interest  no  less  strong. 
Coral  Polyp— The  animal  svl.i.h  m-<  vet.  m coralline  stone  isnoii 
as  generally  supposed,  b  me  "f  the  lowest  divisions  of  the 
animal  kingdom,  vis,,  the  class  .if  polyps.     Like  most  of  the  lowest 
animals,  it  is  composed  of  soft,  gelatinous,  and  almost  transp 

mil  al.  however,  bus  tho  power  of  extracting  carbonate  ol 
from  sea-water,  and  depositing  it  withi:  body.     The  lime 

carbonate  is  deposited  only  in  the  lower  portion  of  the  animal,  lew 

the  upper  part  and  the  tentacles  free  to  move.    The  radiated 
structure  of   the  polyp  is  pefectly   reproduce!  in  the  coralline. 
This  is  a  purely  vital  function,  having  no  more  connection  with  voli- 

than  tin  'i    of    the   -licll    Of  an  oyster  or   the   bOUOfl  of  the 

:i!s.    The  limestone  thus  deposited  within  the  animal  con- 
stitute! 90  to  6  at  of  it'  whole  weight. 

Compound  Coral,  or  Corallum.— A  single  a  ml  polyp  is  very  small, 
lik..-  many  of  the  lower  animals,  it  has  the  power  of  multiplying 
ely  by  buds  ami  b  rmed  com]'.. oral  .orals. 

see  may  branch  profusely,  and  then  may  bo  called  roral-trrrs ;  or 
hemispherical  masses,  and  are  then  called  <-■'■■ 
tviral-treeeare  soi:  Lx  or  eight  feet  high,  and  coral 

to  twenty  feet  In  diameter.    They  consist  of   miniona  of  indlTidual 
coral  polyps.     Only  the   upper  and   outer  portions  ..f  a  coral-tr. •>•,  and 
n  of  a  coral-head,  are  living;  tho  lower  and  interior  por- 
tion* consist  oi.lv  ..f  ci-allm.-  tin  without  life. 

Coral  Forests.— ('oral  polyps,  however,  reproduce  not  only  by  bud- 
ding, but  al*o  by  eggs.     These  eggs  have  the  power  of  locomotion. 
10 
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As  soon  net  they  aro  extruded,  they  swim  and  float  away,  and,  if  they 
fall  on  sea-bottom  favorable  for  their  growth,  they  Boon  form  first  a 
coral  p"i>|i.  Mini  final h  u  coral-tree  "!•  eon]  bead     Thus  from  one 

coral-tree  other  coral-tni  ,  firing  up  nil  around  and  form  a  coral  for- 
est, which  spreads  in  every  direction  where  the.  Bud  conditions  fuvor- 

tblo. 

Coral  Reef. — Finally,  the  Kmastone  accumulation  of  thonsands  of 
n  generations  i.i f  rural  forests  growing  and  dying  on  the  same 
spot,  together  with  the  shells  of  molliwks  and  the  bones  of  fishes  whirl, 
live  in  swarms  preying  uii  the  corals,  the  w  hole,  of  course,  crowned  with 
1 1  n  ■  living  forest,  of  the  present  generation,  eon-til  iite  the  coral  rtrf.  It 
is  evident,  tin  n,  lii.a  a  reef  is  formed  somewhat  after  the  manner  of  a 

bog.    As  a  peat-bog  represents  ho  much  matter  taken  from  tic 
so  ;i  eonil  reef  represents  so  much  matter  taken  boo  the  sea-w.; 
As  each  generation  adds  itself  to  the  ancestral  funeral  pah  Mind 

upon  which  the  corals  grow  steadily  rises  until  it  becomes  elevated  Ear 
above  the  snnounding  aaa-bottom. 

Coral  Islands.— These  are  due  to  the  action  ..f  waves  upon  the   ton] 
reefs.     We  have  already  seen  how  low  island.?  aro  formed  on  submarine 

banks  by  this  ag 

Now.  reefs  are  also  a 
kind     of      submarine 

Ontheee, 

fore,    islands    are     also 

formed  by  waves.    Fi.Lr.  116  represents  an  ideal  section  across  a  reef,  aa 
it  would  be  if  no  wave-action  interfered,  I  (being  the  sea-lereL    But  by 
the  action  of  the  beating  waves  during  storm-  Inge  masses  of  reef- 
rock,  often  six  or  eight 
hot  in  diameter,  or  great 
coral-heada,  are  bn 
nil  from   the  out 
seaward  side  of  tin 
and  rolled  over  b 
leeward    side. 

form  A  nucleus  about,  which  collect  similar  or  smaller  fragme 
uiuongtheftS  still  smaller  fragments,  and  th  i  are  filled  in  and 

made  Brm  with  eorataand,  and  the  whole  oemented  into  solid  limest 

rack  (breecia)  by  the  oarbonats  of  time  in  the  ssa-wafcsr 

lalanda  thus  formed,  like  all  wave-formed  islands,  aro  low  (1 
to  fifteen  feet  high)  ami  narrow  (one  quarter  to  one  half  mile  wide), 
but  long  In  the  direction  of  the  reef.    They  arc  at  first  perfectly  bars, 
hut  become    in   lime  covered   with   vegetation,  and  I  ling  with 

population.    They  are  celebrated  for  their  gem-like  beauty.    The  Etna] 

result  is  shown  in  ideal  section  in  Fig.  1 16,  in  which  the  dotted  poi 
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is  reef-rook,  the  strong  raving  lint-  the  eurfaco  of  the  living  reef,  and 

and. 

Conditions  of  Coral-Growth. — RoeMraflding  oorali  ilo  uot  grow  in 
all  seas,  nor  out  Um  whole  bottom  nf  t lit-  ,-,ea  itiihiscriminately,  but  ure 

•  lin.'.i  to  certain  was,  oiul  in  then  to  certain  spots  and  lines.    The 

iditiona  i>f  the  growth  are: 

1.  .1  Winter  Temperature  of  68°. — Thia condition conflnaa them al- 

tirelv  to  the  torrid  rone.     The  most  marked  exception  to   thi- 
l   und  the  Bahama*,  where  cor-.ils  axtend  to  28° 
itude,  and  in  the  Bermudas  to  88°  north  latitude.     Thhl  BXten> 
•ion  of  the  u-  »of  reef-buil-  if  is  due  to  nu  tropi- 

cal water*  earrii'il  northward  l.v  tin-  Gulf  Stream. 

2.  A  Ikpth  Oj  Or*  than  Our  Hundred  Fett. — This    condition 

baas  then  to  submarine  banha,  and  especial]}  to  the  shores  of  con- 
linenta  and  islauda. 

3.  I  S. ■ ! .' ne*s  of  t In-  Water. — On  account  of  tin*  eoiidi- 

.11  DOt  grow  on  muddy  shores,  nor  olT  the  DQOnthl  vA  n 

;••.  the  fre--.li  ud  muddy  water. 
;    Fret  ■   to  Wave**    Some  species  of  eorala  grow  in  .-nil 

water,  hut.  tip  I  reef-buihlinu  species  delight  in  the  dfttfa  of  the 

flourish  and  build  an  almost  perpendicular  wall 

in  breakers  which  would  wear  away  the  ban  L    Tim  reason  is, 

profusion  of  life  on  a  reef  rapidly  exhausts  the  wi 
i  irs  for  respiration,  and  of  the  carbonate  of  lime 

-arv   f •  >r  their  stony  structure,  and   t here f on?  OMlltM  ■■•  of 

eoeasary. 

ii editions  mentioned  above  apply  only  t.»  reof-baMlng 

tuct.  ii   temperate  regions,  some  in  very  deep 

sr,  an'  d  places. 

Pacific  Reefs. — The  reefs  of   the  I'm  ilie  Ocean   are  of  three  general 
tla,  Tit,  fringing  reefe,  barrier  reef*,  and  circular  rttfe  or  atolh. 

:i1k-  these  in  the  order  mentioned 
Fringiflg  Reefs.— In  tlm  t r- .| .i  nl  Pacific  every  high  inland  or  prcvi- 
ouslr-taisting  land  of  any  kind  i*  surrounded  by  a   reef  which  attach.  « 
itaelf  to  Inn-.  and  extends  outward  on  every  «ide  ju»t  beneath 

tile  water-level,  as  fur  as  M  —  .— 

the  a  of  depth 

will  allow,  thus  forming    , 

a    submarine    platfl  l  ^*^ 

•  the  island  or 

margin  of  tiria  platform  ""  "7 

the  i  rope  off  very  suddenly,  forming  a  slope  of  50°  to  60°,  an  1 

sometimes  almost  perpendicularly.      The  position  und  extent  of  the 
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)  platform  is  indicated  to  Mih  eye  of  tlit»  obserrer  l>y  ji  wh 
of  breakers  which  surround*  tin*  island  like  a  snowy  girdle,  and  ex- 
tends some  dietanoe  from  the  shore-line  (Fig.  117).    The  see. 

li^  will  give  a  clear  idol  of  the  contour  of  land  an<l  MB  bottom.     In 

thi.-and  tin- 
lowing   ROC*.. 

the  dotted  part* 
praeaut   coral 

formation.       If 

the  is 

ul  considerable  rivers  fiow  into  the  ne,  breaks  in  the  nee!  plat- 
Bum  «iii  occur  opposite  the  montha  of  the  rivers,  the  oorata  in  these. 

|il;u*(J  bring   de«rn>\e>l    by  tin    fresh,  noddy  waters.      In   the  eat* 
fringing  reef-;  DO  islands  arc  farmed  by  the  action  of   waves,  lmt  otdy  a 
shore-addition  to  the  original  island,  as  shown  ut  a  a  in  the  KOtdoD. 

Barrier  Reefs. — In  many  caees  besides  the  fringing  reef  there  is 
Another  reef  suifonndiag  the  island  like  a  rabnurineramparl  nt.  thudis- 
tainr  df  frciin  teli  tu  tiny  miles,    As  the  reef  rises  nearly  to  tin 
oftheaea.it:  is  indicated  by  u  irirdle  of  hreakera  aar- 

rounding  the  island 
at  a  distance,  and 
this  snowy  girdle  ia 
gemmed 
formed  gi 

an  Ethan  this  gbdlei 
and    between    the 

i;iln]i:,r-       and      the 

island,  there  is  a  shlp-oiisnne]  twenty  or  thirty  fathoms  deep  (Fig.  119). 
Through  breaks  in  the  coral  rampart  ships  rater  this  channel  and  find 

ry  harbor  in  a 
stormy    sen. 
sectioi  Fig.  i  : 

a  olear  i<Jun  of 
the     conformation 
of  bottom.    * > 1 1  the  landward  side  of  the  coral  rampart  the  slope 

the  bottom   IB  gentle,  hut  on   the  v-award  side  it  is  very  Steep,  so 
it  is  almost  unfathomable-  at  a  short  di.stan.ee  from  the  reef. 

Circular  Reefs,  or 
Atolls. — T!n  n  ire  the 
luir-i  wonderful  of  the 
reofa  of  the  P.uiric.  -w 
In  a  circular  reef  there 
is  no  volcanic  island  or 
other  visible    land    to 
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c  reef  U  attached,     h  ola?  Hne  oi  breaks. 

snow-wreath  "ii  tlif  MA)  indicating  •  circular  sub:  ffchfl  uur- 

aJ  reef)  gemmed 
an  before  with 
ware-form**!  is]- 
:  and  within 
tin.-  efrota  a  l;i- 
i    nf     pi 

•iity  or 
fathoms 
•  (Fig.   121).     h    i  bmarine  urn  standing  in   nniatboni 

•after,  m  seen  in  the  section  Fig.  139.    Through  taenia  In  the  reel 

ships  entci  -.lie 

nad    circle 

ami     lit  nl     safe 

luiii .( >i  Bj 

. 

ing  it    Ifl   finiiiil 

tluit  du  the  in- 
terior or  lagoon 
side  tin'  dope  of 
the  bottom  it 
very  gentle,  bnl 
uti  the  outer  or 

eeawani    side    i* 
r,c.  ta_vk- of  wutaoftv  i**.  vt.rv  ^  i>ft<iji 

50' to  G0C,  and  sometimes   in   places  almost  perpendionlai  to  vc-ry 
gml  depth.     Pig.    L88    gtres  B  p  and    Fig.    124.  n. 

a   map   view,  of  an   atoll, 

c 


gnlar  cir. 
■ii  of  the  reef  and 
(he little  Islands  which  gem 
il»  Mirfji 

Small  Atolls   and    La- 
goonless   Islands.     r< 
the  atoll.-  already  described, 
then?  arc  oti  •titty 

nf  similar  origin,  bnl  D 
smaller,  in  which   the    land 
is  continuous.     8ometimoa 
ne  is  open 
'■ 
and  the  lagiH  in  connection  with  the  open  *m.     Sometimes 

tne  i  lend  is  complete,  and  the  lagoon  ia  isolated  from  ii 
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( Fig.  124,  ().  Sometimes  the  lagoon  closes  up,  and  a  lagoonless  island 
Lb  tha  result  (Fig.  184*  */).  These  different,  forms  graduate  into  one 
mother  and  into  the  typical  atoll. 

Theories  of  Ban  <■  t  and  '  Hremlar  I 

I'rin  h  require  no  theory.     finals  attach  themselves  to  the 

kIkhv-Iju.  they  find  there  the  depth  1  for  their  growth, 

and  they  extend  outward  until  they  are  limited  by  the  incre 
Hut  there  is  a  real  difficulty  in  explaining  barriers,  for  they  seeui  to  rise 
from  water  too  deep  for  coral-growth  ;  and  the  difficulty  becomes  still 

greater  in  the  case  of  circular  reefs  or  atolls  fur  these   - i  to  have  no 

e<  .injection  with  any  pre-existing  laud,  hut  to  grow  up  from  an  un- 
fathomable  bottom.      These  latter,  by  tln-ir  singula! it|  B&d  extreme 
beauty,  have  always  attracted  the  attention  and  l  xcited  the  wonder  of 
Pacific  travelers;  and   to  their  explanation  theories  have  been  pri 
jiall'i  11  Id   e        ! 

Crater  Theory. — TMl  theory  supposes  that  an  atoll  is  an  exl 
submarine  volcano,  the  lagoon  being  the  crater  anil  the  reef  the  lip  or 
margin  of  the  crater;  that  corals  finding  on  this  circular  rim  the  con- 
(lit  ion*  of  depth  neees.-ary  fur  their  growth,  occupy  anil  build  upon  it  to 
the  surface  of  the  water,  after  which,  of  course,  waves  finish  the  work 
by  healing  Up  the  islets.     The  incredible  supposition  t hut  thousand 

b  volcanoes  should  have  come  within  100  feet  of  the  surface,  and 
yot  none  of  them  appear  1.1  surface,  is  not  necessary  ;  for  we 

may   suppose   that    many   of   them  were  originally  above  the  sun. 
but,  being  composed  of  ashes  ami  cinders,  have  been  washed  down  by 
the  waves.     In  1831  a  volcano    bi.rst  forth  in   the  .Mediterranean  anil 

ojtudklj  Banned  an  island  of  uinden  and  Bancs,  ■•ailed  Craham's  Island. 
In  a  few  months  this  inland  wi-  em  inly  washed  away  by  thr 
and  only  a  circular  submarine,   hank  remained.      If  corals  grew  in  the 
Mediterranean,  then:    lectin  no    reason   why  a  circular  reef  should  not 

bars  been  funned. 

Objections.—  Kven  in  Its  moai  plausible  form,  however,  f 
i-  rnry  Improbable  as  a  general  explanation  of  utolls :   i.  The  great 

Btolls — thirty,  sixty,  and  even   ninety  mil.- 
diameter;  and,  2.  The    high   angle   of    the  slope  of   these  submarine 
in  untains— 50°  to  CO3    -I-  mon  — seem  i  nl  with  their  volcanic 

origin.  3.  This  theory  offers  DO  explanation  of  the  barrier  reefs,  and 
yet  it  is  possible  to  trace  every  stage  of  gradation  between  harriers  and 
atolls,  showing  that,  they  are  due  to  similar  causes. 

Subsidence  Theory  of  Darwin.— Tin*  theory  explains  not  only 
atolls,  but  also  barriers,  and  connects  both   in   a  ml 
with  fringing  reefs.     It  supposes  thai  the  sea-bottom,  where  atolls  and 
barriers  occur,  has  been  for  ages  subsiding,  but  at  a  rate  not  greater 
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■  upward  building  of  the  coral -ground ;  that  every  reef  com- 
mences as  a  Cringing  n.  f,  hut,  m  the  progress  of  subsidence,  was  con- 
verted first  into  a  barrier  and  finally  into  an  ntoll.     lor,  as  tlio  vol- 
i rod  vuti!    down,  the  corals  would  build  upward  on  the  same 
;  and  a*  mil   would   become  smaller  and  smaller,  and   the 

U  would  grow  faster  on  the  outer  gide  of  the  reef,  where  they  are 
■ed  to  the  breakers,  it  is  evident  that  the  reef  would  become  sepa- 
l    from   the  island  by  a  aMp-cTiaiim-1,  and   t.hu.<  heroine  a  ban  in. 
Finally,  when    the   island  disappears  entirely,   lie-   n«f,  Mill    buiM 
ird,  would  become  an  atoll.    These  chi  noted  [n 

accompanying  notion   (Fig.  125).      Ah  the  changes  are  rein: 

v  be  represented  either  by  the  land  finking  or  the  h  i  lew  I  rie- 

I  for  the  sake  of  convenience  we  use  the  latter.    In  the  figure,  f  f 

.-  the  Bea-level  when  the  reef  was  a  /Wi/yc  t  X  whan  it  was  a 

rod  /  /  the  pri  lent  Baa-lave],  whan  it  hai  become  anutoll.   Tlie 

channel  and  the  lagoon,  though  id  ways  lower,  rise  paripauu  with 

proper.    This  is  the  result  partly  nf  the  growth  of  placid- water 

ie«  of  corals,  and  partly  of  the  drifting  of  coral  froTO  the 

i-f,  and  detritns  from  the  volcanic  island.    It  is  seen  that  the  corals 

build  a  vortical  wall,  and  therefore  that  tho  atoll  is  always 

llei  than  the  coast-lino  of  the  original  island.     Consequently,  if  the 

»   eontinuea,  a  typical  atoll    is  changed   into  a  small   closed 

lagoon,  and,  fntally,  into  a  inland.     These,!  .  n.'li  ■  :il- 


-/ 


V  *      -        -      *   •     * 


-i' 


■to.  aw. 

Evidences- — I.  This  theory  aoconnta  for  all  the  more  obvious  phe- 

gt  atolls,  Wich  M  their  irr<  rcular  form,  their  size,  the 

rpness  of  their  <  pes,  etc.    2.  Every  stage  of  gradation  between 

the  fringing  reef  on  tho  one  hand,  ami  the  atoll  on  the  other,  has  been 

1  bj  I  'ana,  strongly  suggesting  that  they  are  all  different  stages  of 

lopment  of  the  same  thing.     We  have  in  the  Pacific  some  high 

ds,  which  are  surrounded  by  a  pure  fringing  reef;  others  in  which 

the  reef  is  a  fringe  on  one  side  and  u  barrier  on  the  other;  others  in 

wttiata  the  barrier  is  one  mile,  two  miles,  five  miles,  ton  miles,  twenty,  or 

thirl  iistant ;  others  which  are  called  at. .lis,  but  the  point  OJ 

original  volcanic  island  ia  still  visible  in  the  middbof  tho  lagoon;  others 
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which  .(iv  perfect  atolls,  but,  bj  Mending,  the  bead  of  the  drowned 

tic  island  is  still  detectable.    Tin.-  oast  stop  in  the  Miise  la  the  perfect 

atoll,  then  the  amaH  atoll,  and.  tiniilly,  tin*  hiL'nojiii.'  land.    These 

lasi  kinds  show  ili.it  the  original  island  ban  gone  down  deeply.    >>.  By 

ppli  rig-hooka  dead  coral-treee  have  been  broken  off  and  brnugb 

n    tin-   ground  frfaan  they  once  prow,  now  far    heh.w   the.   hunting 

depth  of  coral-growth.    Tin  f  subsidence       bis  case  is  of  the 

ssmc  kind  and  (ores  as  that,  demed  Emm  the  sabmerged  foreat-grennd 

i[<;vj<-  ]'■'>'■).   The  corala  have  been  cai  ried  below  their  depth  and  drowned. 

-t.  The  remarkahle  distribution  of  the  various  kind*  of  reefs  brought  to 

light  by  Dana  ii  sntjafaotorify  explained  by  this  theory,  and  in 

an  argument  in  its  favor.  In  the  middle  of  the  anil:  n  lMoo  of  the  Pa- 
cific there  is  a  Monk  ana,  8,300  nflei  long  and  I^OOQor  more  miles 
■ids  where  there  are  no  islands.  Next  about  this  i>  an  area  in  which 
s  mull  a  lulls  predominate  ■  aboul  this  again  the  region  of  ardinarj  alolla; 

beyond  tin--  the  re-jii.ni  mostly  of  hairier.-,  and  finally  of  fringes.  Now, 
by  this  theory  ihi-  distribution  m  thug  explained:  Tin    ■  im  in 

the  blank  area  has  gone  down  SO  test  that  the  corals  have  not  been  able 
to   keep    pace,    ami    hive    therefore   been    drowned,   and    left    DO   DAI 

meut  of  their  existence.     In  the  n<  St  region  the  corah  have  b    d 

to  keep  within    living  distance   of   the  surf  are,  but    the  orii  Lands 

have   not  only  disappeared,    hut.   •_' down    to    great    depths.      In   the 

next,  foe  original  blgb  islands  have  disappeared,  bnt  i  i  down  aa 

deeji;  in  the  next   they  have  sunk  only  to   the  middle.     The  fring 

stand  on  the  margin  of  the  sinking  area.  OtrtsMe  of  this  again 
there  is  in  some  places  even  evidence  of  upbeara!  instead  of  snbsi  tenee. 
Raised  iieach.es  in  tho  form  of  fringing- reef  r."  onnd  clinging 

to  the  hides  of  high    islands  many  feet  :i  prc-cnl  K-u-level.     5. 

In  sons  plaoM  thi-  nbnidenoe  seems  to  be  still  in  progress.    On  dm 
tain   coral  islands  sacred  structures  of  stone  made  bj  the  natives  are 
bow  standing  in  rater,  and  the  paths  worn  by  the  feet  of  doYotoseam 

now  passages  for  canoes  (Dana). 

Murray's  Theory. — Recently,  serious  doubts  : 
win's  subsidence  theory,  at.  least  as  a  Dnirereal  explanation  of  barriers 
ami  atolls.*     Mr.  Murray,  from    I,  turns  during  the  voyage  id 

the  Challenger,  believes  that   barriers  and  atolls  niav  be  explained  With- 

out  subsidence  of  Boor.     An  outline  of  hiaxi  .  be  thos 

stated:  l.  Sabmarine  banks  formed  in  any  way,  either  <"i  built  n 
soonmolating  shells  of  sui  stions  of  marine  animals,  until 

aitfain  the  reach  of  coral-growth;  or  (h)  by  volcanic  cinder  cones 


*  The  nullior  of  lhl»  Teilumr  b«HfTM  th«l  he  »n»  thr  fiwl  who  •hctw«I,  In  the  «*c  of 

the  Florida  ruefit,  how  hnrrirro  mny  lie   f.irrmul  without  tuluiduum.     American  JounuJ 
of  Srfenco  and  Art,  vol.  xxiii.  p.  48.  January,  IH67. 
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l>y  the  wares  eo  as  t.i  torn  suitable  bgnlok    2.  The  bank*  taken 

'mil  up   to  t  he  sea-level.     3.  The  coral- 

U  confined,  np  at  least  most  rapid,  on  the  outer  margin,  because 

be  action  of  the  sea.    Thai  arises  a  ring  nil  I  mace 

within,     l.  The  action  of  waves  beal  into  a  scries  of 

".  Meanwhile  tring  action  of  currents  and  the  soli 

pi  out  (he  blank  area  into  a. more  or  less  deep 

n.    G    Hi'  action  of  waves  breaking  the  tiring  coral  and  thereof- 

forms  I  oV&riV-pilo  or  talus,  with  steep  outward  slope,  on  whi«h 

corals  continue  to  grow  I   into  deep  water.    Thus  the 

coral  ring  continues  to  spread,  like  ■  .<  .  hy  growing  seaward 

I  dying  behind.    7.  According  to  Darwin,  atolls 

»w  continually  smaller;  bc<  ording  t<>  Murray,  they  grow  eonttnuallj 


ore  similarly  <  They  commence  as  fringes,  l 

1  as  fur  a*  depth  "ill  allow.     Than   the  corals  die  I 
•ihore,  ami   this  part   II  SQQUNd   oat   into  a  eliiiiincl.       Meanwhile 
null  seaward  on  its  own  talus, and  the  channel  [i 

patui  widened. 

ml  condition  oi  the  question  it  •»  prohuMe  that  I 
are  more  ways  than  one  in  which  barrien  and  atolls  may  be  Eon 
but  I  v  seems  still  to  hold  its  own  as  a  general,  though  not 

a*  a  >  toiy. 

Darwin's  view,  of  Bourse,  every  atofl  murks  the  site  of  >  sunken 
■I.     It  will  be  intere  aw,  to  make  *> 

males  based  on  this  view. 

Area  of  Land  lost- — Probably  several  hundred   thousand  -< 
mtli-  land  has  been  lost  by  thie  subsidence.    Tbi 

lata  known  in  at  li  •  miles.     Bui  I 

is  far  leas  than  the  loss  of  ad.     For — 1.  It  is  pertain  that 

area  of  an  stoll  is  always  less  than  thai  of  the  original  fringe  or  1>a 
the  ••  id,  f'ir  the  outer  wall  of  an  atoll  la  aol  p  rpendiou* 

continues  as  the  subsidence  progresses,  nntil 
small  atolls  or  only  lagoonless  islands  remain.  2.  An  Immense  lost 
area  In  represented  by  the  space  between  farrier*  and  their  high  isl- 
and*. The  great  Australian  barrier  extends  along  thai  oaait  l.ioo 
miles,  at  an  average  distance  of  thirty  miles,  with  a  ihip-ohannel  be- 
t ween  of  thin  ty  fathoms  deep.     This  single   barrier,  there: 

H-nts  a  Inst  hud-area  of  33,000  square  miles.     8.  In  the  blank 
area  aire.*  n  "f.  probably  many  islands  went  down,  and  left  no 

iind. 

high  land  thus  lost  has  been  replaced  only  to 
a  sma'l  astenl  by  the  wnTe-formed  c<iral  islets  on  the  r- 

Amount  of  Vertical  Subsidence  —  The  amount  of  subsidon* 
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estimated  by  the  distance  of  barriers  from   their  high  islands,  or  by 
udings  off  atolla,  to  ascertain   the  height  of  these  coral   mounds, 


».,..  UK. 

or  by  the  average  height  of  the  high  islands  of  the  Pacific.  "1.  Tht 
average  slope  of  the  high  island!  Of  the  Pacific  is  about  8°.  Now,  a*- 
•imiing  this  slope  (Fig.  186),  a  barrier,  d,  at  the  distance  of  five  miles 
would  be  3,700  feet  thick,  and  would  represent  a  subsidence  nearly  to 
that  extent  (Had. :  tan.  8°  : :  a  d :  d  b) ;  a  distance  of  ten  miles  would 
represent  a  vertical  subsidence  of  7,400  feet.  Many  barriers  are  sit  much 
greater  distance.  •>..  Oft"  Keeling  atoll  0,600  feci,  a  line  of  7,200 
found  HO  bottom  (Darwin  I.  Near  other  atolls  &  depth  of  3,000  feet  has 
been  fminil  (hunii).  8.  The  avenge  height  of  the  high  islands' of  the 
Pacific  can  not  be  less  than  3,000  feet  (Dana);  some  of  them  reach 
nearly  14.000  feet.  It  is  very  improbnhle  that,  anions  the  hundreds  of 
atolla  known,  not  one  of  their  high  islands  should  hftl  .  the 

tvemge  elevation  of  jj.noo  feet.     Vet  these  have  entirelj  irwl, 

nit  the  rbbJ]  atolls  and  lagoonless  islands,  and  more 
r-|ieri;illv  the  blank  ana.  would  sn'in  to  indicate  (hat  they  have  disap- 
peared to  great  depths.  For  these  reasons,  it  is  almost  certain  that  the 
extreme  subsidence  has  been  at  least  !»,000  feet.  We  will  take  10,000 
[eel  M  the  most  prohable  extreme    nhsidenee. 

Rate  of  Subsidence,— The  rate  of  subsidence  may  have  been  to  any 
degree  less,  hut  can  not  have  been  greater,  than  the  rule  of  coral  grounri- 
riiu/if  :  fur  otherwise  the  corals  would  have  been  carried  below  | 
depth  and  drowned.  It  is  difficult  to  estimate  the  rate  of  coral  ground- 
rising,  but  the  only  basis  of  Buoh  estimate  ia  the  rale  of  coral-growth. 
Of  the  observations  on  this  point  we  select  two',  one  of  them  on  the 
head-coral  (ineamli  ina),  the  other  on  the  staghom- coral  (mad 

1.  On  the  walls  of  the  fort  at  the  Tortagae,  Florida,  mcandrinaeoia- 
iiienoed  to  grow,  and  in  fourteen  years  the  crust  had  become  only  one 
inch  thick.  Aipusril  takes  one  inch  in  eight  yeura  as  a  probable  rati 
under  favorable  circumstances.  This  would  be  one  foot  in  a  century. 
As  this  is  a  head-coral,  the  coml-growth  may  !>«•  taken  as  the  measure 
of  the  reef  ground- rising. 

2.  In  examining  the  reefs  about  the  Tortngas  in  the  winter  of 

an  ive  of  madrepore  was  found  in  the  comparatively  still 

water  on  the  inside  of  the  outer  reef,  in  which  the  thick-set  prongs  had 

>vn,  yen  after  year,  to  the  same  level,  and  were  successively  kilW. 

The  mean  level  of  the  water  here  is  lower  during  the  winter,  by  about 
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s  tool  daring  the  unuw.    The  (ailing  of  the  water  annually 

flip*  this  grove  at  the  same  level.  .Now  ill  the  prongs  at  thai  Ian  1 
were  dead  for  iihout  thin  Inches.  Evidently,  tln-rcfiur.  thia  ll  the  an- 
nual growth  of  madrepore-prongs.*  But  in  branching  corals  the  I 
«>f  point-growth  i"  very  different  from  the  rate  of  ground-rising.  If  all 
">iiit.>.  nf  ;i  madrepore  be  cat  off  three  inches,  then  ground  into 
jHivdt-r,  ;tml  the  trewed  evenly  over  the  ground  shaded   by 

the  coral-tree,  the  elevation  tlnu  produced would  correctly  rope 

the  annual  r»te  of  reef  ground-rising  for  thfa  s\ tee.    A  auarter  of  an 

uirli  would  probably  be  a  full  estimate*     This  would  make  two  feet  for 

»  century.    Ons  foot  to  two  feet  per  century  i-.  then  fore,  probably 

about  the  rate  at  irhiob  eoral  ground  vises.    An  already  stated,  the  rate 

be  less,  bat  can  not  be  greater,  than 

Time  involved.— At.  thia  rata  10,000  feet,  of  vertical  aubadence  would 

100  to  1.11110,1  mi)  years.    How  much  of  this  belongs  to  the 

present  geological  e]  w>fa  il  1-  imi able  to  say..     Dead  corals,  identical 

with  those  still  living  mi  the  reefs,  have  been  brought  op  from  ■  depth 
..( •,' !  below  the  limit  of  coral-growth, 

it  would  require  only  7"i  to  l."»0  centuries.     The  <i'ly  com- 

i'-ed  in  previous  geological  epochs,  and  baa  cotdiniii'd  to  tin-  proeBni 

.     This  is,  therefore,  an  adiuirablo  example  of  geological  agftncdM 

■ 

Geological  Application.— The  bote  brought  out  in  the  preceding 

pages  are  of  great  importance  in  geology. 

1.  V  most  magnife  >  nt  examplo  of  subsidence  etill 

■  ii  progress.    The  subsiding  area  has  not  been  am  uratel*  defined,  bat 
it  probttblj  cotcts  iienrlv  the  whole  of  the  iutortmpl  Be     &.©• 

Dana,  estimated  bj  the  atoll*  alone,  it  is  C,00Q 
liles  wide;  hut  if  we  take  into  account  also  barriers,  which 
are  1  lertain  evidences  of  inbsidence,  it  extendi  east  and  west 

from  thci-xin-nii- 'if  the  Pnumotn  group  on  tin  one  side  to  the  Pelewa 

nd  s<.«t!i  from  the  Hawaiian  group  to  the  Fee- 
jees,  making  an  area  of  not  leu  than  20,000,0110  square  miles.    Now,  it 

:  thai  there  must  have  been,  as  u  correlative  i.f  1  ins 

•nd  ->U  downward  movement, an  equally  ext 

he  earth's  crurt  somev  hi  re    Ise.      Dans  thinks  its  eorrela- 
b  found  in  the  extensive  elevations  ol  the  Glacis]  epoi  b,  and  til 
that  the  whole  work  was  accomplished  tinct  (ht  Tertiary.    Bot  it 
is   more  probable  that  its  correlative  :      fniuoi   in    the  gradual  1> 

the  whole  western  side  of  the  continent,  espei  Eallj  In  the 
Rocky  Mountain  region,  which  commenced  aftei  the  I  'ivtaceous. 


2.  We  have  here  the  formation  uf  !iiiie-("iic  rocks  of  kimln 

goiug  on  bc-foii;  our  eyes  over  imii.  nil  thou, 

iu  [liii'kii''.--.  and  Wt  I  .'irn  thu-  that  limestones  are  of  organic  OHgi 

:\.  Tin-  character  of  tin-  n.rk-  thus  forme<l  i-  ing  la 

the  geologist.     In  some  places,  as  we  hare  air eadj  Ken,  it  is  a  course 
.-. ,M-!..r»n-i-iiT.-,  or  bnct  Mh  oomposed  of  fragment*  of  all  eims  n 
together;  in  Mine  |iku  made  up  entirely  of  rounded  granull 

illino  limoatoae  [ooral^andf,  cemented  togotber,  and  Conning  a 

'iiliar  oolitic  rock  {mar  \l9us,  ggg-ttoiu).      Hut  the  larger  portion  oi 

tin-  ri'i'f  ground  I*  si  lino  compact  limestone,  made  up  of  comminuted 

corall i in-  matter  (ninrl  mml),  rctni  ntcil  loyi  tin  r.      This  fine  coral  mud 

i--  darned  by  vavna  and  tides  into  the) lagoon* and  sorraa  to  rait*  it- 
bottom:  it  hi  ajsoaaniad  by  ounonta  and  distributed  vrid 

neigh  boring  sen- bottoms.     Soundings  in  coral  seas  bring  np  ai 

kbffl  final  coral   mud,  Knowing  tli.it  OOmpA A  linn-Mom-  M   DOW  forming 

over  fride  araal  in  coral  sens.     The  reef-rock,  us  already  stated,  has  been 

found  alingiog  to  the  rides  ol  high  islands  having  been  elevated  manj 

feet  above  sea-level:  in  other  caws  atolls  have  heen  elevated  250  fed 
above  the  asa-lOTeJ.  The  ntrootnm  of  the  reef-rock  has  thus  been  ex- 
posed to  view,    in  Minn-  plaoea  it  contains  imbedded  remaina  of  corals 

and  shells  but  in  other  parts  it  is  entirely  destitute  of  tin  is, 
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with  I       128  n  a  jentfm  along  the  line  \s. 

I  <  to  i-i  (a  «)  is  ridge,  elevated  twelve  to  fifteen  feel  above 
IM-l«roi,   lutliin  whie.h   i<  the   Kvi-rglade»  (r)  an  ex  •■«!*- 

only  two  or  tl  above  aea-levrl,  and  dotted  over  with 

•mall  inlands  called  An  li'  II  BSD   the  BOnthflni  count  («  «)  and 

water  (a*)  :•  rerj  shallow,  only  navigable  in 
smallest  raft,  and  dotted  out  with  dinall  low  mangrove island*. 


•s  ~&*c\ifm  tit  *ame  «.lfniu  line  TV     1.rtt"T*  Imllratt  tJi*  «»m»     Th«4ott*d  lln«»  »hrvn  »ii[— 
|>ii*Cil  ]>n.-viuu»  comliiloiu. 

arable  portion  of  this  area,  in  fact,  lornu  munVflab  ni  Ion  tide. 

Hetween  the  line  of  keys  («'«')  mid  tho  living  reef  (a1  is* 

•  Bve  to  mx  fathoms  dei  p.    Outside  the  reef  {»'  n'\  the 

idly  into  the  almost  nnfathomable  abyss  "f  Dm  Oolf 

8). 

General  Process  of  Formation.— Xuw,  Agassi*  ■  has  proved  that  not 

■■(  but  the  keys,  the  southern  coast,  ami  the  peninsula* 

aafai  north  as  the  north  shore  of  the  Bragkadee  (a*  at),  end 

probably  on  I  .■ideas  far  north  as  St.  An-  f)t  !-■•,,■  hern 

formed  by  coral  aj  The  evidence  of  this  important  eonohiiion 

ck  in  all  these  parts  In  Identical  with  the  rccf-rm-k  already 

1th  what  Is  even  now  forming  under  onr  eyes  on  the 

It  is,  moreover,  almost  certain  thai  the  pemnsolaof 

I ■'luriila  has  been  progressively  elongated  by  the  formation  of  successive 

barrier  re  fa,  one  outside  of  the  other,  from  the  north  toward  the  south. 

ami  leeaive  filling  up  of  the  Intervening  shfp-ohani 

rtJ  from  the  reef  and  sediments  from  the  mainland. 
History  of  Changes  — The  history  of  changes  was  as  follows :  There 
was  a  time  when  th.«  north  shore  of  the  Bverglad  08(44)  was  the  south- 
ern limit  of  the  peninsula.    At  that  time  the  li  Mch  now 
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sninli  shon    I ••■'■  B  reef.    Upon  this  reef  by  the  action  of  v»: 
was  gradually  formed  a  line  of  rural  Islands,  which  finally  coalesced  into 
a  ooniinuons  line  of  land, Mid  by  tin.-  filling  up  ■  i  the  bat  Mrening  si 

<  •  1 1  i  t  »  t  i  •  I  was  added  tOtlM    |n-iiiti.-nhi,  I  In-  ~l;i|  .-i-iiiii!  :!■•!    U-ii 

into  the  present  Everglades.     In  ilia  mean  time  another  reef  wasforun kI 

in  tin'  position  of  the  present  line  of  ksya    Hue  baa  already  been 

verted  into  ■  limaf  wuvo-formod  island?,  and  its  ship-channel  intoshoul 
water  ami  mud-Mats.    Eventual]]  the  paniiMnilw  will  be  axtandedtothe 
line  of  key*,  and  the  shoal  water  (»>'}  will  become  another  Btergli 
and  tin-  mangrove  islands  its  honuaodka    Air-,         other  reef  has 
bcon  agiiin  formed  outside  the  Inst,  viz.,  die  present  living  reef  (a 

and  upun  il  tin-  process  of  i-l,mil-l'i>riiiaiiim  lias  roiiinuMi 1.     This  \v  1 1 ! 

also  In-  eventually  run  verted  into  •  line  of  keys,  into  u  continuous  line 
of  land,  and  l>e  added  in  its  turn  to  the  peninsula.     It  is  not  probl 
that  another  reef  will  he  formed  outside  of  this,  for  the  bottoi 
rapidly  uiiiler  the  Gulf  Stream,  as  seen  in  the  section  Fig.  128.     En 
this  |>rorr.--  eindi  reef  dies    v>  lien  another  is  formed  beyond    it.  for   lii, 
water  being  protected  bj   the  outside  reef  placid  or  In 

water,  ami  the  strong  rref-building  special  no  longer  flourish. 

North  of  the  line  d  d  the  evidence  in.  of  the  same  kind,  bs 

complete.     True  reef-rock,  similar  to  that  now  forming  on   I 
has  been  found  at  various  points  as  fur  north   as  St   Augustine,  OB 
the  eastern   shore.     The  western  shore   ami   interior  are   less  kn 
Tuomey  En  1850  traced  the  Eocene  on  the  west  side  as  far  as  Ten 
and    Smith    in  to  the    north  shores  of   the  eaj 

The  Im.r.  d«  -haded  part,  therefore,  gives  the  probable  outline  of  the 
peninsuhvai  the  end  of  the  Tertiary.  If,  however,  as  asserted  by  Agassi*, 
superficial  patches  of  coral,  of  species  identical  •■■  .::  on  tie- 

reefs,  are  found  over  this  region,  there  must  have  been  at,  least  a  tem- 
poral \-  mbmargenoe  during  the  Quaternary. 

Mangrove   Islands.— M;uii:ro\  •treed    co-opcralo  in   an    inter. 
manna?  sritn  eorsJj  in  the  process  of  land-formation.    Tie 
form    dense  jungles    on  the  low,    muddy   shores  of    tropica] 
They  are  very  abundant  on   the  of   Florida,     They  have  the  re- 

markable power,    if  throwing  oal  aerial  roots  from  their  trunk* 

hranohas,  thus   forming  subordinate  connections  with   the  ground 
with  the  bottom  of  shallow  water.     From  these  may  spring  ol 
trunks,  which  throw  out  similar  roots,  etc.    Thus  an  inextricaM 
tangle  men  t  of  roots  and  branches  continues  to  extend  far  beyond 
actual  shore-Una    These  form  a  nidus  for  the  detent  ente, 

and   protei  t   ihein   from   the  action  of  wares;  and  the  shore-line 

stem  lily  ji.lva'i.  i 
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The  seeds  of  tlio  mangr-r. .  ityof  shooting  out 

long  roota  and  stem!*,  even   while  still  attached   to   the   parent   I 
These  P]>;  Mode,  falling  into   the   ^  at er,  float  away,  and  if  their 

roots  tou.  1 1  bottom  immediately  fix  tiu-m- .  1y»  -,  grow  into  mangr 
tree*,  and  oornmanca  multiplying  in  tin  maimer  described.    Tims  in 
-lioal  water  (e)   are  found    DUagron  i-hmds  in  which  libera  il 
•  only  a  mangrove  forest,  standing  ahovo  water  by  means  of 
their  Lnteri&eed  roots.    By  these,  however,  aartlmnnra  are  detained,  and 
a  true  island  is  ap  li  U  in  this  way  that  the  RnaQ  mari- 

grove  iajandn  io  the  Bhoal  water  on  the  tooth  and  west  of  Florida  are 
fanned.    Theyai  \  different  from  the  viva* formed  coral  isl- 

ands or  keys.      The  bmnmooka  in  the  Everglades  have  probably  11 
similar   origin,   although    some   of    them    muy    Doatihty    be   of    Oeml 

Florida  Reefs  oompared  with  other  Reefs.—  Id  comparing  Uu  reefs 
ju-t  described  with  other  reef*,  it  will  be  seen  that  the  former  are 
i  two  reap. 
■thtr  ret/a  continuously  moks  land.     In  fringing  reefs  there  is 

a  imall  aooretion  about  the  shore-lins  of  the  prerioaely-exjetiag  Eand, 
process  is  qnickly  (united.    In  banian  and  atoll-,  looording 

te  always  loss  of  land,  only  I  HSOU  baoti 1  H  1 1 i •  - 1  > 

is  recovered  I   and    wave  agency.       lint   under   these  agon 

rida  baa  steadily  advanced  southward  inure  than  LOO  miles,  and  As 

area   thus  added    to  the  continent    UB   at   least  10,000  m|h an    niile.s.      It 

ifii|x»«siblo  to  account  tor  this,  except  by  mpposing 

ut  wi.rk  pn'iiariiig  the  ground  for  the  gn««th  of  mum'-. 

Probable  Agenoy  of  the  Gulf  flliaajn,     niiiim  corals  can  not  gro 
water  mora  i  to  ono  hundred  feet  deep,  it  is  evident  that,  un- 

leaasul*  <  i  pari  passu  with  the  growth  of  the  corals,  a  < 

nation  can  not  !«•  mum-./  than  one  hundred  feet  thick.     Hut  th   I 

of  subsidence  on  the  coast  or  keya  of  Florida.   On  the  contrary, 

thr  ■•  f  thess parts  isprtcistly  ths  usual  height  of  umtstfonm d 

although  no  umget  i  In  their  actum*    It  follows,  thcrr- 

,that  the  corals  must  have  built  upon  an  i  Bmarinfl  bank, 

by  aome  other  agom        Pur  li<  rmo  ■.  since  the  reefs  « 

formed  eucce-vMx el v  one  beyond  another,  it  la  evident  that  there  must 

have  been  a  progressive  formation  of  this  bank  from  the  north  toward 

^outh.  ■■'•«  positions  of  thr 

lamk  of  ,    Such  a  pi  ive  extension  of  a  bank  can  only 

be  formed  by  aedimentarj  deposit.    It  is  almost  certain  that  in  some 
way  the   QuU  d   with  this  sedimentary  uccumula- 

l  '•>  thia  agency,  then-fore,  that  we  attribute  tho  forran 

and  i  bank  npon  which  the  '-orals  grow. 


At  ouc  time  *  the  writer  thought  that  the  bank  was  formed  at 
tended  ■    sediments  brought   by  the  Ouli  Stream,  -.nil  de- 

|m>ii«'il  on  tin-  inner  side  of  Ha  curve;  but  Alexander  baa 

shown  f  that  the  MdimentB  in  men  prebablj  nywifc,  and  'In-  I 
wae  formed  i >:* i-r i y  by  mob  ndimwtf  by  the  cinif  Bta 

from  Other  coral  banks   in   tin-  I'ai  >ea,  but  m  ill   up  in 

tUu  by  the  accumulation  of  shells  ofeaooai  aetattana  of  db 

sea  animal?,  the  Golf  Strom  bringing  only  the  oondittone  of  rapid 

growth  in  the  form  ol  warmth  and  abundant  food. 

It  iM  probable,  therefore,  thai  the  southern  jwrtion  of  the  pentiwnll 
of  Florida  l-  dm-  to  tin-  co-operation  of   four  or  five  different  Bgea 
viz.:   I.  The  Gulf  Stream  building  np  a  submarine  bank  to  the  di  ; 

»'  •/ ..  Rg,  186,  within  loo  feel  of  the  surface;  v.  Then  on 
building  up  to  tli.  -mf.it v;  ;{.  Than  waves  raising  it  twelve  to  fifteen 
feet  above  the  surface  ;  4.  And,  iinally,  lU-hri*  from  the  peninsula,  oa 
the  one  -id.',  and  the  reef  and  keys  on  the  other,  filling  np  the  inter- 

veiling  channels,  and  afterward    raising   the  level  of  the  swamps  or 

t&vargladee  thna  formed;  S.  In  this  last  process  the  ouuign>Ta»treai 

have  assisted. 

','.    Thi  M6/b  i'f  Florida  am  bnrritrr  rrrfs.     Harriers  are  usmilh  nip- 

posed  to  indicate  8Bbridenoe<  The  Pacific  barriers,  according  t<>  1  tar- 
win,  commenced    as    f :i n:r'---"  and   became   barriers  by  .subsidence,      lint 

in  Florida  then  has  been  no  subsidence.    They  did  nut 

fringes.     The  probable  explanation   in   this:  Oorall  will    DOt   gTOH   in 

mnddj  wal  i.    On  a  gently-eloping  shore  with  mud  bottom,  snbfa  aa 

probably  always  existed  on  the  southern  shore  of  Florida,  a  fringing 
reef  could  not  form,  been  use  t  ho  bottom  would  be  ulwav.  chafed  bj  the 

wares  and  the  wsterrendered  turbid.    Hut  at  a  distance  fron 
on  the  edge  of  the  hank,  whei  a  depth  was  attained  thai 

warn  no  longer  chafed  die  bottom,  a  barrier  would  form,  limited 

the  one  side  by  the  muddineSB,  and  on  the  other  by  the  depth,  of  the 
water.  Also  (he  proximity  of  the  (itilf  Stream,  carrying  warmth  ami 
food,  would  contribute  to  the  same  result. 

[twill  be  I  thai  Hue  view  of  the  formation  of  barriers  dUfen 

from  both  that  of  Darwin  and  that  of  Murray,     tl   has  been  ado] 
tptain  ''tippy  for  BOme  Of  the  barriers  of  the  IVilic.  i 

SFtrH-l>r/ir,.*it.l. 

Kivers  carry  carbonate  of  lime  in  solution  to  Che  sea  i'p.  BS ).     In 
some  bays,  where  targe  quantities  of  this  materia]  are  carried  by  ri 

♦  American  Journal  of  Srirncc.  Beoond  Strii-u,  toI.  ssIH.  p.  4H.  1867. 

♦  Mvinuirs  of  llM  SBMftaa  AnidWHjl  of  Soionop,  rol.  st,  p.  107. 

♦  Nature,  vol.  xni,  y,.  77,  I860. 
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through  limestone  countries,  tho  excess  may  be  deposited  as  a 
(hemiail  deposit.  lint  in  most  cases  sca-'.v;i;.  I  Contains  less  lirae-car- 
bonato  than  rivcr-wakr.     'II.  i  »,  thut  the.  liim  .  I- .- i  a  ecu- 

water  is  continually  bdag  drafted  upon  by  organism  h  and  deposited  on 
•  »th  a*  organic  Hmeetones.    We  hare  already  ahown  bow  coral 
limestone  is  thus  formed.    But  there  an  many  other  limestone-forming 
-rials,  and  some  species  form  other  kinds  of  deposits  besides  lime* 

Molluscous  Shells. — ShaUovMeai$r  ikpositt  of  this  kind  are  made 
ollosea  vrbich*  living  in  immense  numbers  near  shore 
and  on  submarine  hanks,  leave  thmrdead  shalli  genoration after  gener- 
ation, and  thus  form   sometimes  pure  shell;,  deposit*,  and  sometirm I 

singled  with  sediments  due  bo  other  agenda*.    On  quiet  si 
9  are  quite  perfect,  whether  imbedded  in  mud  or  forming  shell- 
banks  like  out  banks;  hut  when  exposed  to  the  action  of  break* 

are  broken  into  coarse  fragments,  ox  oinnrinuted,  worn 

rounded  granules,  and  cemented  into  shell-rock  or  oolitic  n 
U-roek  ai  rock  are  now  being  formed  on  the  coast  of 

the  Florida  keys  and  of  the   Veal   Indies.     Similar  rock  is  found  in 
purt  of  the  wnrld  in  the  interior  of  continents.     They  radioae 
the  •  in  these  places  of  a  shore-line  or  of  shallow  water  in  - 

ions  geological  epoch. 
Microscopic  Shells. — Microscopic,  plants  and  animal.-  an  known  to 
mill;  lumbers  with  alm<  dible  rapidity.    Hut)  of  tl 

no  shell,  and  therefore  are  of  no  gcologi  a  ;  bat  many 

lea  form  skulls  of  silica  or  of  carbonate  of  lime,  and  these  of  course 
.initiate  generation  after  generation,   until  important  deposits  an: 

ie<L 

<ttr  Deposits. — In   streams,  ponds,  lakes,  and   hot  springs, 
beautiful  siliceous  shells  of  diatoms  (nni-ceUed  plants)  accumul 
without  limit.     The  ooze  ut  the  bottom  of  olee*  ponds,  or  lakes,  as,  for 
example,  in  the  deepest  parta  of  Lake  Tab..-  ■< ID  wholly  of 

those  shell-.      Diatoms  live  also  in  great  numbers  in  the  hot  springs  of 
California,  Nevada,  and  Yellowstone  Park,  ami  the  depofldta  of  BOoh 

'iga  sometimes  consist  wholly  of   these  shells,  and   in  Yellowsi 

I'ark  corer  many  square  miles,  and  are  live  to  six  fee!  thick.*     Thick 

strata,  belonging  to  earlier  geological  times,  arc  found  wholly  composed 

of  diatoms.     We  are  thus  able  to  explain  the  formation  of  these  strata. 

/Jtrp-Mi  Over   nearly  all  tl>.-   Iiottom     if  deep  an 

yond  she  reach  of  sedimentary  deposits,  we  find  a  white,  sticky 
composed  of  the  oarbonate-of-lime  shells  of  microaoopk  animals  (focav 
niinifere),  Kig.  129,  and  microscopic  plants  (coccoBphercs).     Some  of 
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these  seem  to  be  lii'iuy,  or  recently  dead;  some  dead  and  empty,  hut 
still  perfect;  bnl  noat  of  Una  oompletely  diafategratol  On  account 
of  the  gxafl  abondano*  of  flu  theUs  of  one  form  of  foramiuifera,  bail 


*-# 


F/ 


Fl».  U».— N1HH  »f  iivit  (tea;  n.  OrtWIna  unlrma.  In  ll»  pcrfnrt  condition,  showing 

•i  ..  H  r . . . i ii.i.   from  iho  tnrfiee  "f  In*  «h*ll:  '•.  '.    ■' 
otxjiiiarr  cmiiuilioii.  the  thin  h»ll»w  Bpinn  winch  op.'  iiiuu'Ih'iI  Iw  tbi 

>nlir :  it,  Ptn»rti/Ai  .  H'Mn/ia  ivntvm' 

CriAiiil-irin  ndornurfWa     Ptg.  •  b  aftar  Wrvtth   Thoauoaj  0>e  oilier*  *re  »llcr  WillUuwoa. 
All  the  tlKun-»im      i    II  >i  I  hi  If)  ad  •  if l ■•»  Nil  I 

soft,  white  mud  is  called  ghbigtrina  oozt.     tfioglod  in  considerable 
numbers  among   the  calmreons  shi'lls  lire   others  "f  BJlica.      Thot-- 
also  partly  animal*  I'mdiokiria)  and  partly  plants  (diatoms).     The 
tmiinlinarv  rQBsmUimro  of  this  divp-si-a  ooze,  both  in  oheinioa]  and 
f. ,-.-..[ >i .   ,  ji  i!-;i.i,-r,  to  oluilk,  tearea   00  room  for  doubt  that  chalk 
was  formed  En  this  way. 


PART  11. 
STRUCTURAL  GEOLOGY. 


We  liavo   thus  fur   studied   eant  '   in  ojirnilion  or  dynamical 

principle*.      Wo  now  study   the   structure  of  thr  forth  (which   is  thf 

nutated  throughout  all  geological  time),  and 
the  apph  of  the  foregoing  principle   in  if-  espial]  Hw 

subject  of  this  part,  therefore,  is  lmtli  .-tmcMi  nil  and  dytututual  ge- 
ology. 


I  3APTEB  I. 

TtAL   FORM  AXIj  STRUCTURE   OF   THE  KARTff. 


l.—l 


Earth, 

of  an  oblate  si 


<>r  CM  rartli  ix  ttiut  or  an  oblate  spheroid  flattened  at  the 

a   diameter  it  leas  than  the  equatorial  diac 

about  tv.  miles,  or  about  3j|0  of  the  mean  diameter.*     The 

icet  moan  eing  only  five  mile  ;  interfere  greatly 

with  itl  form. 

Conn,  being  precisely  that  which  a  fluid  body  reroMng  I 
would  m  ua  been  regarded  by  many  of  the  most  distingni 

i  Hooncl  nee  of  the  former  fluid  condition  of  the 

earth.     Tin-  argument    nil-,   be  stated  as  follow*:  1.  A  fluid  b 
gtati'  II,  under  the  influei  of  it*  own  molecular  or  gravi- 

■  ree.4,  would  assume  ii  perfei  cal  form;  but.  if  rotating, 

the  Form  which  it  would  assume,  as  the  ouly  form  of  equilibrium,  fc 
that  of  an  oh  leroid,  with  its  shortest  diameter  coincident  with 

tbe  axis  of  rotation.    Now,  this  is  |  the  form  not  only  of  the 

«ul!  Ear  as  known,  oi  nil  the  planetary  bodies,     i.  In  an  ob- 

late spheroid  of  rotation  the  ohluLencss  increases  with  the.  rapidity  of 


rotation.     Nta  .  Jnplfe  b  turns  mi  it*  axis  in  ten  hours,  is  much 

more  oblate  than  the  earth.  The  flattening  of  the  earth  is  only  about 
rfir  of  its  diameter,  while  that,  of  Jopita  is  about  -fa.  8>  The  forma 
<>(  the  earth  and  of  Jupiter  have  been  calculated :  the  date of  calcula- 
tion being  the  former  fluidity,  1 1 1< ■  time  of  rotntinn,  and  an  assumed 
rate  c A  iiu -n lasing  density  from  surface  to  center;  and  the  calculated 
I'm  in  comes  out  nearly  tin-  HUM  as  the  measured  form. 

The  force  of  this  argument,  however,  has  been,  to  say  the  least, 
greatly  exaggerated.  The  oblateneaa  of  the  earth  and  planets,  as  has 
hen,  shown  liv  l'luyfair  and  Ber&ohe],*  only  proves  that  they  hare 
mod  tlieir  form  under  tii.-  infinenoe  of  rotation — that  they  are 
gpheroidl  Of  rotation — but  not  that  they  have  ever  been  in  a  fluid  i 
iliiinn.     For  sinei  \^  body,  whatever  he  its  form,  alway-  h 

to  assume  an  oblate  spheroid  form,  and  since  (he  materials  on  the  sur- 
BftOe  of  the  earth  are  in  continual  motion,  being  shifted  hither  and 
thither  under  the  influence  of  atmospheric  and  :»•  | neons  agencies,  it  is 
evident  that  the  fund  and  total  result  of  BUOh  notions  must  be  in  the 
course  of  Infinite  ag*»B  to  bring  tin?  earth  to  the  only  form  of  equilib- 
i  in m  of  a  rotating  body,  viz.,  an  oblate  spheroid.  If,  for  example, 
earth  were  a  riicid  sphere,  -landing  still  and  covered  with  water,  and  then 

rotating,  tlie  waters  would  gather  into  au  aqni  .and  the 

land  be  left  u  polar  continents.    Hut  bbii  oondition  would  ool 

for  atmospheric  ami  aqueous  agem  iss,  it'  unopposed,  would  eventually 

cut  down  the    polar    continents   and    depOflil  ili'iuas  .■sediments   in   the 

>>ji::itoriai  seas,  an>i  ill.  irth  wonld  thru  become  an  oblate  8] 

roid.  This  final  affect  of  degrading'  agencies  would  nut  he  OppOBed  by 
igneous  agencies,  as  the  net  ion  of  these  is  irregular,  and  does  not  tend 
to  any  particular  form  of  the  earth.  Yet  this  applies  only  to  the  gen- 
I'l-nl  spheroidal  form;  for  Hennessey  has  shown  f  that  although  tbfl 

roidal  form  would  be  assumed  either  by  fluidity  or  by  abrasion 
the  itfffH  Of  clliplicitv  of  tlie  spheroid  would  he  different,  and  probahlv 
sensibly  different  in  two  cases,  being  greater  in   the  former;  and  that 
the  actual  form  of  the  earth  mure  nearly  approaches  this  greater  degree. 

Therefore*  although  then  are  tunny  reasons,  drawn  both  frum 
ogy  and  from  the  n. ■hular  hypothesis,  for  believing  that  the  earth 
once  in  an  incandescent  fluid  condition,  and  that  it  then  Bammed  an 
oblate  spheroid  form  in  obedience  to  the  laws  of  equilibrium  of  fluid;; 
this  form  alone  must  not  be  assumed  as  demon- train  e  proof  of 
original  erudition,  since  a  similar  form  would  be  prodnosd  |,V 
causes  now  in  operation  on  the  earth-surface,  whatever  may  have  b 
iriginal  form  and  oondition.    Moreover,  ii  is  OTident  that  the  exact 

•  Lvcll,  Principle*  of  Geology,  vol.  ii.  ji.  19*. 

t  I'tiklnsophlcil  Magazine,  vol.  vll,  p.  67,   1879,  vol.  x,  j>.  119,  188i>,  and  vd 


DENSITY  OP  THE  EARTH. 

form,  however  determined,  can  not  have  been  retained ;  for 
tln-ro  nrecnuMn  in  opnuum  wlii'.-li  liiivo  tended  constantly  to  modify 

If  abrasion  can  produce,  it  can  nl«i  modify   the   form  of  the  earth. 

If  the  form  of  tin-  earth  i-  •'  equilibrium,  then  a  change  i: 

mii  will  piwlnoe  a  ohange  in  the  dearie  of  oblatena 
Now,  when  the  earth  fii  Eron  an  inoan 

audition,  il  bad  a  certain  depee  of  cllipticiiy  determined  b) 
ita  rate  of  rotation;  but  iiii>  rate  of  r« ■  i . 1 1 i . . i :   I, 

earth,  from  thai  time  until  now.  bai  been  ooolingand  eontneting ; 

and  contraction  would  tend  to  accelerate  rotation  Bad   increase  ellip- 

i  since  an  irai  Bnt  formed  by  preoipita- 

ooling  earth,  tides  have  bean  formed  bj  the  mom!  tnd 

aad  thej  •■{ the  dragging  iidst  would  bend  to  retard  rota- 

rtaM  ellipticity.     .\ i  Brat,  lionbt.less,  tin-  oontractional 

leration  \  fcy  inoreaeed  ;  but  now  tidal  retarda- 

.  and  allip  ablj  i  In  Teasing. 

t—DentUg  of  the  Earth. 

moan  dei  Iheeerth,as  determined  by  i  (dependent 

i oils,  is  about  5*6,  The  density  ■■(  the  materials  of  the  earth-sur- 
face, learing  out  water,  i«  only  about  *.'  to  8*6\  It  is  evident  therefore, 
that  the  density  of  the  central  portions  must  be  much  more  than 

-  great  interior  i!i  be  remit — 1.   Of  a 

irriat.  It  is  not  improbable  that  tin-  surface  of  the  earth  lias  become 
oxidised  by  contact  with  the  itmoephere,  and  thai  el  great  depths  the 
earth  consist  largely  of  metallic  masses.    Or  tl  ■  interior 

•y  may  be  the  remit — 2.  Of  condensation 
use  pressure  of  the  superincumbent 
mass.    In  either  cose  of  increasing 

hrttt  u-mild  be  to  diminish  the  increasing  di 
Bnt  how  much  of  the  gree  ity  is  due 

Lifjerenec  of  material, and  how  much  to  in- 
creasing prea  i  tmw  much  these  are  oonn- 
terbalanced  by  expansion  due  to  increasing  heat, 
to  detennii 
The  increase  of  density  has  been  somi 
artiitnirily  assumed  to  follow  an  arithmetical  law. 
i  density  equal  to  then.' 
would  be  found  at  \  radius  from  the  surface,  and  taking  the 
nirfik'i- 1  ■    noun  density  it  '■>■>.  the  central  dei 

I  be  !'•.  In  the  diagram  (Fig.  1.30),  if  a  c  =  radius,  the  ordinate 
ass:  Hirffloe  density  =  'i,  ami  b  tj  =  mean  density  =  J ~i>,  then  ex, 
tl»e  central  da  rfll  be  =  ic. 

It  is  needless  to  say  that  this  result  (I'lana's)  is  unreliable. 


Flo.  1SP-— OUemni  lllnjtnt- 
In i;  ll 
brgftiM  Eaflh. 


Tho  surface  of  the  earth  undoubtedly  differs  groat  1 y  in   nun 

speote  from  its  interior,  tod  therefore  the  exterior  portion  may  very 
proper!}  In  termed  a  rnt»tf.    It  is  a  cool  ornet,  covering  an  Kami 

interior]  l  ttratifltd  •  rnat,  covering  un  ttuttrafiji  ior;  probably 

an  oan'd i.Yi/  crust,  covering  an  teriOTj  and   many  suppose 

a    suliil    .-ni-;.    covering  a    liijuiil   interior.       This    lost    l'l'-a.    although 

wj  doubtful  (p.  J9),  has  pxobablj  e  t«  the  «  en 

i. Tin,  bow  ■•  '■-  if  niod  by  ell  gaologiete,  iritb  ml  rafen  ace  to  any  tho* 
on-  of  Interior  condition,  and  only  to  express  that  portion  ut  the  ex- 
terior which  is  subject  to  human  oba  nation.    The  thinknoaa  which  is 

exposed  to  iriHjuitii.ii  |l  libOOl  icn  to  twenty  miles. 

Means  of  Geological  Observation.— The  means  by  which  m  m 
enabled  to  inspect  the  earth  below  its  immediate  surface  are:  1.  Arti- 

/:■  iai    ttdione,  such  as  mines,  artesian   wells,  fttO.     These,  htnvcvc 

qoI  penetrate  below  the  bulgalfloanl  depth ol  half  a  mile,    t,  Xaturat 

UCtiOfMi  >ni  1:  M  cliffs,  r.txine.-,  oaflont,  b4Cj  These,  as  we  have  already 
hocu  (p.  17).  sometimes  penetrate  .',000  In  fl.OOO  feet.      -'5.    Folding,  and 

mbteqaenl  erosion  of  the  crust,  by  which  Btrate  from  greal  iiare 

their  edges  expoiod.    Thus,  in  passing  along  the  surface  from  «  to  a  I  I 


//.  .///  ^/"y 


Fiu.  un. 


131),  lower  and  lower  re  successively  brought  under  inspeoi 

The  dotted  lines  show  how  nun  I.  haa  boOD  CQl  away,  and  therefore  the 
depth  of  strata  exposed.  In  this  way  often  ten  miles  depth  of  strata  aro 
brought  into  view.      This   is   h\    far    the   mod    important   un  ans  of  ob- 

■erratioD  ;  without  it  the  study  of  geology  would  be  almost  impoes 
A.   Volcanoes   bring   up  to    tho  surface    materials    from    unknown  hut 

probably  wry  peat  depth*. 

miles8eem8.'i'  of  the  earth's  radius,  1 

in  fact  equivalent  to  less  than  one  thirtieth  of  an  inch  in  a  glob* 

in  diameter.      Il  may  seem  at  first  sight  an  in  sufficient  basis  for* 

nee  of  the  earth.     We  must  recollect,  however,  that  only  this  crust 

has  been  inhabited  by  animals   and  plants — on  this  crust  only  have 
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I'M 


I   atmeeph  .  ami   organic  agencios — as 

'■i<  Insignificant  trust  have  bMO  recorded  all  the  most  important 

history  of  the  earth. 

t.  Qnterai  - 

surface  inequalities  of  the  earth  ara  of  two  general  kinds, 
which  nuiy  be  callttl  greater  and  Icwr.     The  one  il  dee  to 

rtor  causes;  the  one  to  igtui  other  to  ofvseus 

dee.    Tbi   leeeer  [neqoalitiea  we  will  treat  under  the 

head  of  I  ilptnre  (p.  Out  discussion  now  is  limited 

rtator.     Again,  tho*c  ere  of  two  orders  of  greatness,  vi«.,  those 

Ltnte  laml- masses   and  ami    tlu.se  which  eon- 

range*   end   intervening  The*    latfei 

ahali  treat  fully  hereafter  (p.  160);  W  are  fchi  fpecaallj  con- 

led  now  with  fas  form 

ban  of  the  ortaeeof  the  earth  ia  severed  by 

in.     Tlit-  mean  height  of  the  continent-",  u*> mding  i"  the  moat 
suits,  ia  as  follows:  Europe,  984  feel  ;    v-  uand  Africa,  1,040  feet; 

South,  i.os:j  feet :  Australia,  BSO  foot.    The  mean 
■ht of  all  land  i«  given  ae  abool  1,878  feet.*    Tin-  eon 

i -ably  greater  I  e  given  by  Humboldt  and  oeretofere  adon 

The  moan  depth  of  the  i         l  is  probably   19(000  to   15,000  feet 
(Thompson).     There  is  probably  water  enough    in    the  ocean,  if   the 
of  the  earth's  surface  were   removed,  to  cover  the  earth  to 
a  depth  of  about  two  Tir 

The  extreme  height  of  ;!:''  land  above  the  sea-level  is  five  d 
and  the  extreme  depth  of  tin-  oeeau  i  •  nt  loift  a-  muck    The  extreme 
•  if  the  solid  earth  is  therefore  not  less  thau  ten  miles. 
Cause  of  Land-Surfaces  and  Sea  Bottoms.— The  most   usual  idea 
rag  geologists  as  to  the  general  constitution  ■>(  the  earth  Ea  that  the 
mrth  i-  still  eesentiatlv  u  liquid  mass,  covered  bj  a  solid  sfael]  of  ft 
ty-five  to  thirty  miles  in  thickness;   and  thai  the  greal  Ineeuali 
constituting  bvnd-snrfaoee  and  orivm-boitoms,  are  produced   bj   the 
upb>  tnd  down-bending  of  this  crust  into  convex  and  concave 

an-bca,  as  shown  in  Pig.  13S.    The  clear  statement  oi  thil  view  i* 

suffi.  ute 

it;  for.  when  it  is 

reraeuibend    thai 

the    arches    with 

rhich  we  are  I 

dealing  have  a  span  of  nearly  a  Bemi-circumfei  i,  it 

becomes  that  no  such  arch,  either  abote  or  below  the  mean 


Km.  IS.'. 


ir»s 
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levol,  could  sustain  itself  tot  a  moment  The  only  condition  under 
which  Bueh  inequalities,  ooald  rastaio  themselrea  on  a  supporting  liquid 

is   the    existence 
ol  iiii'i|iialitieson 
the  under  eoj 
ol  the  crust  next 

Fm.  181— Ul«v-r»u>  UaMnitna  Hm  0 Iltiooiof  BquUTbrtiuaof  a  Solid  ,1...    II.-IJ     ..;,,,; 

-..u  i  Liquid  lutenur.  uu     '"I1''1'.    *"'"• 

l;ir   to    those    on 

the  upper  surface,  bu1  in  rerene,  as  shown  in  Fig.  L8&  And  the* 
lower  or  under-surfaco  inequalities  would  b  ive  to  bo  n  prated  not  only 
for  the  largest  inequalities,  viz..  continental  surfaces and  ocean-bottoms, 
but  also  for  great  mmiumin  plateaus.  And  thus  the  hypothesis  seems 
to  break  down  with  the  weight  of  its  own  assumption.* 

Besides,  we  have  already  given  good  reasons  (pages  85-87)  for  be- 
Iknring  that  the  earth  b  substantially  .solid.     Upon  the  hypothesis  of  a 
substantially  solid  earth,  we  explain  the  great  inequalities  constituting 
continental  surfaces  and  ocean-bottoms  by  unequal  rudial  contrtu 
of  the  earth  in  its  secular  cooling. 

The  earth   mtt  undoubtedly  at  one  time  an   incandescent  i 
globe.     It  then,  as  we  behove,  cooled  to  a  tuMantiai  solid,  although 
probably  wiih  a  sub-crust  layer  underlying  large  areas  of  the  solid 
crust,  and  separating  it  from  the  solid  nucleus.     When  first  solidified 

the  earth  was  doubt lr  ',,/.■  ap7MrvicT,and,  vhen  sufficiently 

cool  to  allow  c liM-.ation  of  iiqiicotis  vapor,  covered  with    i    .....••r*ir/ 

i>rraii.     By  continued  cooling  it  gradually  rontraetod,  and   if  the  rate 

of  cooling  and  oontraotaoa  bed  been  equal  in  all  parte  of  the  snrface 
it  would  have  retained  its  regular  spheroid  form.    But,  without 
homogeneity  of  composition  and  equality  of  conductivity  and  of 
efficient  of  Contraction   in   all   parts  (which  improbable), 

such  equality  of  cooling  and  contraction  would  be  impossible.     S> 
parts,  therefore,  OOOled   and  contracted  toward  tht  mttrr  more  rnii 

than  others.  These  more  rapidly  contracting  areas  would  form  hollows 
and  the  less  rapidly  contracting  areas  protuberances.  The  waters  would 
be  gathered  in  the  hollows  and  form  oceans,  while  the  protuberances 
would  l"  liiiiuMii-.    in  other  words,  oceanii    basin  and 

masse.-  arc  the  result  of  *u<jht  <li*t<>rfinn  of  tht  ngular  sphtroid  bj  <n,- 
equal  radial  amtrtution.  This  is  &rid  intly  a  Iruc  cause;  and,  when 
va  consider  the  innallnwH  of  these  inequalities  In  comparison  with  the 

size  of  the  earth,  il  will  seem  a  sufficient  cause.  The  mean  inequality  oi 
the  kind  we  are  now  considering  in  about  two  and  a  half  miles.     This 


#  It  has  been  nhnwo  br  O.  n.  Darwin  that  the  proat  inc«iu»l"ni.'«  »i  the  earth's  €ur- 
face  could  not  be  nuatained  unless  the  earth  be  as  rigid  as  granite  for  a  depth  ot  1.000 
mile*.— Procoediii-:-  of  the  Roval  Society,  June,  1881. 
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in  a  globe*  of  two  feet  in  rliameter  would  unless  than  one  onediu mired th 
of  an  iuch — an  amount  that  would  be  scarcely  perceptible.  If  I 
globe  of  clay  or  of  Btone  of  this  size  were  heated  to  incandescence  an«l 
hi  U  ■  itum  ground  to  a  true  inhere  and  then  allowed  to  oool,  H 
ii  probable  thai  tin-  in-  quality  would  be  as  great  as  or  greater  than  the 
■bom* 

:-  niiiy  i in-  gn  :  bi  .  viz.,  laini-  surface,   and  na-bot- 

ii'ins,  which  we  account  fur  in  this  way.     Moim::dn-eh;i:ii-  an  i  i-rl-iinl v 

ii  ii  i»y  a  different  process,  wbiob.  ire  nil]  iliscufs  tmder  uud  bend 
'1S0)\  and  it  is  <•■  that  the   causes  wlii< 

prodnoa  mountain-chains  m  iv  sbo  prodnoe  these  greatest  inequalities, 

miv  of  these  causes  would  tend  con 

the  extent  and  height  of  the  lnnd,  and  to  increase  the  depth,  but  dimin- 

the  extent  of  the  sea.    This,  on  the  whole,  seama  to  bam  been  the 

.during  the  history  of  the   earth,  M  will    U-  shown    in   Part   III. 

less,  local  causes,  both  aqueous  and  igneous,  as  already  idiown 

in    Part    I  really   DDOtUflsd   the  genera]  contour,  both   map  and 

profile,  given  by  secular  contraction. 

Laws  of  Continental  Form. — That  the  general  contour  of  continents 
and  sea-bottoms  has  been  determined  by  some  general  Ofl  fa  as 

secular  contraction,  affecting  the  whole  earth,  in  further  shown  by  the 
law*  :  I  form.     The  m08l  important  of  these  areas  follows: 

1.  Continents  oonaial  <•(  i  great  interior  basin,  bordered  by  ale 
coast-chain  rima     This  typical   form   i>  neat  conspicuously  seen  in 

•i    and    Smith    Anierici.  Africa,  ami    Australia.     Europe-As.  . 

mori  .  fore  the  trpioal  form  is  I  not    We 

.  an  east-and*wost  section  of  North  Am 
alia,  ad  typical  examples  of  coutiuoutul  structure. 


---'-■■-.._   I 


Ft*.  »t     A.  Sretin*  arrow  North  America;  X,  Section  acroMAintmlUiaft.  r  i. 

great  rivers  of  the  world. «-.  g.,  the  M..  IfJatianBpi,  Amazon, 
in  these  interior  i  oni  inental  basins. 


*  To  ttii*.  acourdina  lo  fvft  (OmptM  Rendu*.  toI.  xc.  p.  1185.  1SSO),  muet  b«  added 
MSI  another  C.VMC.  A*  toon  aa  the  water  collects  in  the  depression;  Bwt 
■fast  rmilial  contraction,  its  *itt  presence  would  lend  in  increase  the  cooling  and  coo- 
tractinic  of  tiieae  part*,  and  ttiu*  lo  deepen  still  further  the  deprewaioria.  This  effect 
Manila  I !)  frtwn  the  prealM  eondurtiviir  of  water  an  compared  with  rock,  and  (?)  from 
iW  circulation  of  Ice-cold  water  from  the  pole*  along  the  ma  bottom  'p.  40). 


no 
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2.  In  each   i a •  j 1 1 1 1 ■. •  ■  n t   tin-  graatoat  range  of   mountains  faces  the 
nwtefil  I'hus  in   America  the  greatest  n  Ml  the   I 
Faofag  tlio  Pacific;  while   in    Africa    tin-  greatest  ranire  if  OH  the  east, 
lining    the-    Imliiui    Ocean.       In    Asia    tin-    Himalayas  net   the    Indian 

>:i.  while  the  Altai  face  tin    Polar  Sea.     In  Australia  the  greatest 
run^e  ia  to  tlio  Bast,  facing  ili<  Paciflo. 

3.  The  ranges  bate   been  snhjected   to  the  gra 
most  oomplax  findings  of  the  strata,  and  in  the  Beats  of  thagreal 

morphism  (p.  221)  and  tin-  volcanic  i 

4.  The  outlines  of  the  prcoont  eontinenti  h:nc  been  sketched  In  the 
earfient  geological  limes,  ami   have,   been  gradually  developed    and  per- 

sd  in  the  course  of  the  history  el  the  earth.    In  the  oaaa  od 

North  Anirri.  an  I  uniiiu-ii!.  this  will  be  shown  in  Pan  in 

The  cause  of  some  of  these  laws  will  be  discussed  under  the  head 
of  Mnimlam-Chain.-. 

Rock  $. 

In  geology  tho  term  rcckh  need  to  signify  any  material 

tilting  a  portion  of  the  earth,  whether  hard  nr  soft.  Tims,  a  bad  "f 
sand  or  clay  is  no  less  a  rock  than  t  he  bardeel  granite.     In  fact,  it  ii 

Impossible  to  draw  any  seiviitihe  'lisliui'Li'-n  l>ftv\wn  materials  foul 

upon  bardnass  alone.    The  same  mass  of  limestone  mey  bo  soft  chalk 
in  one  part  and  hard  marble  in  another:  the  same  bed  <•! 
hard  slate  i"  one  part  and  good  brick-earth  in  another;  the  same 
of  sandstone  nmy  be  hard  gritstone  in  one  part  and  soft  onongh  r 
spaded   in  another.     Tho  same  volcanic  material  may  he  stony,  glassy, 
seoriarroH-.  nr  loose  rhi. 

Classes  of  Rocks. — All  rooks  are  divided  into  two  great  ■,-]. 
nivuiijimi  rocks  and  unatratffied  rocks.    Stratified  ro  tnore  w 

ic-.  oonaoUdated  sediments,  and  are  tuoally,  therefore,  more  or  less 
aarihp  is  structure  and  of  aqvoout  origin.  Unstratified  rooka  have 
bean  man  or  less  completely  fused,  and  therefore  aro  cnjaUiUint  in 
structure  and  of  ipneoui  origin. 


CHAPTER  II. 

STRATI F1KD  OR  BBDUtBHTART  ROCKS. 

Bbotxos  i.— Sthu«tuue  and  Posmozr. 

Stratification. — Btratifiad  rooka  are  characterized  by  the  fact  that 
they  are  separated   by  parallel  division-planes  into  larger  - 
masses  eaUad  and  these  into  smaller  layers  or  led*,  and  i 
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again  into  still  no  H  terms  ore  purely  relative,  and 

are  therefore  somewhat  loosolj1  BsecL     I  sadly,  however,  the  term 

ivf.rs  to  the  minoralogicnl  character  ;  r  to  sub- 

divisions of  a  stratum  distinguishable  by  dilTerenoe  of  ooli  i   U    tine- 

;  I     lli-     ;.  ||  im     l«. 

those  smallest  aubdivi 

ilfiitly   produced    by   the    sorting 

of  water.     Fur  in 

llttl  annexed  figure  we  have  three 
mratn    of    ear.-  and 

>>  two 
::   in  tiiu  n.  HOT i 
pactneas  of  the  material,  atil  all 
laminated  by  the  sorting 

Tin-  hmiii  I 


U      ,h 


represented,   ex- Fu    HO     StctioMefbwtwtlalndlndUntdttntti 
..  •  ,        «,  MUs  »i.  Miiclrluuv.  »A,  elial*-.  La 

in     the    clay    strut  urn,    s/i. 

There  i»  another  structure  represented  in  the  figure — viz.,  the  orovi 

baCtuiM  or  joints.     These,  however,  arc  uot  jiccuHar  to  stratified  rooks, 
I  will  bo  d  at  another  time. 

Extant  and  Thickness.— Probably  nine-tanfln  af  the  surface  of  the 
the  whole  of  lbs  soft-bottom,  are  covered  with 
i   rook*.     Even  when  thou  ere  wanting  it  i-  I 

have   been  removed    by  erosion  or  else  covered  up    an d   OODOmlod  bj 
fused  matter  outpoured  on  the  surface.     This  proves  that  oven,  pari 
of  the  surface  of  the  earth  baa  been  at  stoma  time  covered  with  water. 
The  extreme  thickness  of  strati  fled  rock*  i*  certainly  not  bat  than 
twenty  miles;  the  average  thickness  '     probabljf  SQTOral  miles. 

Kinds  of  Stratified  Rooks. — Stratified  rocks  are  of  Quae 
their   mixtures,  viz.,  arenaceous  or   euiid  rocks,  org 

>U8  or  lime  rocks.     .\r. naceous  rocks, in  their  inco- 
are  wind,  gravel,  shingle,  rubi  ind  in  their  com- 

parted  state  arc  gritstone*!  tonglowwrat**,  and    I 

•s  are  compoeed  of  rounded  pebbles,  and  bra 
inr  fragments  Demented   together.     Argillaceous  rooks,  in  their  in.  o- 
hervnt    state,  are  and  :  partially  consolidated  and   finely 

huuiiiutcd  they  form   slate,  ami   thoroughly  consolidated    they  form 

are  chalk,  limestone,  and  marble.    The] 
mddom  in  an  incoherent  state,  except  i 

These  different  kinds  of  rock-  graduate  into  each  other  through 

ides.    Thus  we  niH  faceoustant  .  eal- 

v\d  ealeareons  shales  or  xsw 

mast  important  points  connected  with  stratified  rocks  we  will 

now,  for  the  sake  of  neater  clearness,  bring  out  in  the  form  of  distinct 
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prop  On  these  prosoafUona  U  based  nearly  the  whole  of  geo- 

il  reasoning. 
I.  Stratified  Rocks  are  more  or  less  Consolidated  Sediments.- 

r-.il    QC6  Of  thlB  fundamental    p  nelu-ivv. 

1.  Bedl  of  mini,  clay,  or  sand,  as  already  stated.  ma>  often  be  tamed 
b\  insen.iiblc  L'l'jidiii  it'ii-  into  -hides  and  sandstones.  2.  In  many  places 
the  process  of  consolidation  is  now  going  on  before  OUT  • ;  -  This  is 
iih>-t  conspicuous  in  s-'dimeiiiN  de|Ki.-iied  at.  tin-  month-  of  large  rivers 
whose  waters  contain  abundance  id'  carbonate  of  lime  in  dilution,  or  on 
tin  coasts  of  seas  containing  much  carbonate  of  lime.  Thus  the  sedi- 
ments of  the  Rhine  are  now  consolidating  into  hard  stone  (p.  B  'I.  and 

on  the  coasu  of  Florida,  Cuba,  ami  on  coral  eoaata  generally,  com* 

minuted  shells  urnl  corals  are  quickly  cemented  into  solid  rock  (p.  156). 
.'{.  All  kinds  of  lamination  produced  by  the  BOTting  power  of  water 
whieh  have  been  observed  in  sediments,  have  also  been  observed  in 
stratified  rocks.  4.  Stratified  rooks  contain  the  remains  of  aiiiinuls  and 
plants,  precisely  as  the  stratified  mud  <-f  our  present  rivers  contains 
t-i v.  r-shells,  our  piWBBt  beaches  sea-shells,  or  the  mud  of  our  swamps 
the  hones  of  our  higher  animals  drifted  from  the  high  lands.     .'».    Im- 

preasiona  ol  vsriooa  kind.-,  Back  as  ripple-marka, rain-printa, footprii 

I  i . -.,  evidently  formed  when  the  rook  WM  in  the  condition  of  soft  mud. 
complete  the  proof.    It  may  be  considered  as  absolutely  certain  tl 
nlratifiod  rocks  an  todimmtt.     Arenaceous  and  argillaceous  rock*  are 
ii.t  debrii  i..i  orodfld  land, sod  are  therefore  called  «!  sedi- 

ments or  fragnuntal  f- ■•  b  ■.  Limestones  are  cither  <  hemical  dopaBtti 
in  li;  01  are  the  comminuted  remains  of  01 

arc  therefore  cither  chemical  or  organic  sediments.    ('"M-lnmerates, 
grits,  and  BKBtdstOBMi  indicate  violent  action;  shales  nnd  clays  q 
action  in  sheltered  spots.     Limestones  are  sometimes  |  I  by  vio- 

lent  action — e.  g.,  coral   breccia — sometimes  very  quiet  action,  as  in 

..•a  .  i. ■  ]  i •  ■ 

We  have  already  seen  (p.  4)  that  rocks  under  atmospheric  aj 
oiasacre  di.-in.  into  soils,   nnd   these  soils  are  carried    bj 

and  deposited  as  m  diluents  in  lakes  and  seas.     Now  wo  see  that  : 
ndinteiit  in  in  the  course  of  time  consolidated  into  rocks,  to  be 

a_':iin  raised  h\  igneous  agencies  into  land, and  again  disintegrate,!  into 
soils,  and  redefratited  as  sediments.     Thus  the  same  material  has  I 
in    some   cases  worked  over  many  times  in  an  ever- recurring  •• 
This  is  another  illustration  of  the  great  law  of  circulation,  so  universal 
in  Nature. 

Cause  of  Consolidation. — The  consolidation  of  sediments  into  rocks 
in  many  cases  is  due  to  some  OMHntttuj  principle,  such  as  carbonic 
lime,  silica,  or  oxide  of  iron,  present  in  percoluting  waters.     In  BUOh 
ea-c.-,  the  cimsididatiou  often  tak  s  place  rapidly.     I.  other  aum  i'  HI 
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prtwur&t  and  in  still  others  to  hing-con- 

t intuit,  though  not  necessarily  retj  great,  elevation  \ 
presence  of  writer.     In  those  cases  the  process  is  rery  slow ,  ami  thcre- 
|  bat  ri"i  progressed  great lj  in  the  more  recent  rocks. 
II.  Stratified  Rocks  have  been  gradually  deposited. — The  following 
a  show  that  in  many  cases  rocks  horn  bean  deposited  with  ait 
slowness:  1.  Shales  are  oi i  |  the  lamination  of  anion  Is  bean 

tifullv  distinot  and  yet  each  lamina  no  thicker  than  <•  mllioard.     Now, 
lamina  was  separately  formed  by  aHentatrng  oondlttonB,  mob  as 
rise  and  fall  <  r  the  flood  and  fall  of  man    l  Again,  on  the 

imbaddi  I  shells  of  moUnsca,  or  on  the  outer  surface  of  the 
•  of  sea-urchins  deprived  of  thei 
often    (bond    attached   other  shells,  as 
following  figures.     Now,  i. 
■hell  ave  been  dead,  '••  I  «a. 

*r«/   BMfs  luring  the  whole  litm 

attached  shell  was  growing.  As  a  genera] 
rule,  in  f ragmen tal  roclca  the  finest  materials, 
such  as  clay  and  mud,  have  been  depc 


Fig   MS.— Srnmla  cm  Shell  of  in  RchiDCdOTD. 


Fio.  1ST  -SvrpnlM  mi  Interior 

■  if   3   Mirll 


very  slowly,  while  coarse  materials,  such  as  sand,  gravel,  ami  pebbles, 

liavi-  rapidly.    Limestones,  being  generally  formed  hy 

the  iii'ni  of  the  calcareous  remain  of  ••  generations 

.living  and  dying  on  the  same  spot,  must  have  aeoumu- 

I  tame  slowness.    The  same  is  feme  of  inft  o-the. 

It  is  necessary,  therefore,  to  bear  in  mind  that  all  stratified  rocks 

previous  epochs  by  tl  i  parafckm  of  agenta 

rim:!  i  rationat  i  ir- nl.and  notby  irregul;. 

it  supposed  by  the  older  geologists.    Than,  caterit  parH 
the  thickness  of  a  rock  may  bo  taken  as  a  rude  measure  of  the  time 
consumed  in  ion. 

III.  Stratified  Rocks  were  originally  nearly  horteontal  —  Th«  bort 

zontai  position  is  naturally  assumed   by  all  sedimanb  bedienoe  to 

the  law  of  gravity.     When,  therefore,  we  find  strata  highly  Inalini 
folded,  are  eonolnde  that  their  position  has  been  subsequently  changed. 
It  ti  apposed, however,  that  the  planes  which  a  tiata 

smm  originally  perfectly  horizontal,  or  that  the  strata  themselves  were 
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of  unvarying  thickness,  and  laid  atop  of  each  other  like  the  sheet*  (A  a 
ream  of  paper,    On  tho  oontrvry,  each  stratum,  when  6j  -it«l, 

must  be  regarded  as  a  widely. i  vpauded  eoifce,  thickset  in  tbe  middle  and 
thinuing  out  at    Mil-  edi:es  uml  interhtpping  therewith  i  Btibv 

l,-ig.  138  is  a  diagram  showing  tin-  iinnlr  upping, 


Fiu.  188.— Ulnunui  Rtiottiii^'riiimiuii:  uut  uf  llnli:  «i.  wiii>latini< ■    ■-  >>  ■    *  ;ltui\emc»;  6,  IkuimtOM* 

extent  of  tbeee  oakee  depends  apon  the  nature  of  the  material-    la  fine 

materials  strata  ostium-  the  form  of  extensive  thin  sheets,  while  on 
materials  thin  out  mon-  rapidly,  and  arc  therefore  more  local. 

most  important  apparent  exception  to  the  law  of  original  hori- 
aonhdtty  is  the  phenomenon  of  oblique  or  crog*  lamination.  This  kind 
of  lamination  is  formed  by  rapid,  shift- 
ing currents,  bearing  abundance  oi 
i  oame  maieriala,or  by  ehafingof 
on  an  exposed  bew  h.  Many  examples 
of  similar  lamination  are  found  in 
rocks  of  previous  epooha.      I 

"    rM.l%-ObUq«  Lunation.  and    1 4>»  repiv.M-,:.    -,:.  1,   ,  h, 

some  cases  obi  up  k-  lamination  ton] 
mistaken  for  bighly-inolined  strata;  careful  examination,  however,  will 
•how  that  the  strata  are  not  parallel  sdfli  the  lamina'.    The  ab 


in        Si-r  li.ili  nil   Mi»rj»l|>|li   C'llltill    itjuinmil   .It   llvfmil   lllflrl  BUgSHhi    OWl(|Uf  LAUlilKlkW. 

originally  (and  in  (he  oases  repreeented  io  the  figure*  arc  . still)  1 
xuiiiiti,  while  the  lamina  aw  obliqui . 

Elevated,  Inclined, and  Folded  Strata.— Wo  mny  asanma  wit-1 
fldenoe  that  stratified  ro<  k  >  wei  »i  the  bottom 

of  wtiii' r  and  In  a  borisontal  or  nearly  horitontal  position.    But  wed 
Don  Bod  them  mnwuy  in  this  condition,  place,  or  position.   Sometimes, 
indeed,  they  are  still  soft,  but  usually  stony  ;  sometimes  iu  the 
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«if  mater,  bal  oftaiw  f;ir  in  the  is  tutor  of  eontmente  end  Ugh  up  Ux 

m  of  mountain.*:  mnetimi  an  still  /.  ;  though 


Ki...  Ml. 


rated  i  I' j.  !  ii  i ;  bat  often,  Ij  in  mountain-region*,  we  find  than 

tilUxi  at  all  angles,  folded,  contort.. I    (Pig,  H2)  overt anted,  broken, 


r 


. 


"V 
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and  glipj>ed,  so  that  it  is  difficult  sometimes  to  determine  their  original 

r  of  superposition.    Again,  in  folded  strata,  sometimes  wo  bare  the 

moat  intricate  crumpling!  of  the  finer  f»>«/n<r,  such  as  may  be  seen  in  a 

band  specimen  (Fig.  l\'i),    Sometime!  whole  groups  of  strata  arc  thus 


Pis.  143.-  (Trampled  raralor  (tflM  • ; i  ikl'-i 


_  1,  as  cat  ii  a  sen-cliff  or  canon  wall  (Fig.  144). 

mes  the  u.-t  -if  the  earth,  for  miles  in  thickness  and 

many   miles  in  extent,  are  thrown  into  great  Ornst-Wswei  ci.iisiitnting 
mountain -ranged  with  their  intervening  valleys  (Figs.  145  and  146). 
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ich  awes  the  folded  structure  is  not  liable  nt  one  nan*,  bat  only 
ight  oat  L>y  extended  survey.    In  ewe*  of  strong  folding  the  strata 


:  i  ■      «  oulortid  SUala  (frvin  Logan  >. 


are  often  broken  ud  dislocated  (Figs.  198,  IOT,  etc.).    En  oil  owes  of 
elevated  strata,  whether  level  or  tiltod  and  folded,  largo  portion*  of  the 


Kid.  !*5- Section  of  Appalachian  CUaln. 


upper  parts  are  carried  away  by  erosion  ami  the  remainder  f* lefi  in 
LfoAated  patches  and  basins,  or  idse  standing  at  all  angles,  with  their 


-— r-^i^k* 


Fia.  1W  —Section  of  the  Jura  Mountain*. 


edges  03  posed  (Figs,  lit.  145,  and  in  alt  the  other  figures).    Bnch  ex* 

ire  on  the  surface  of  the  edges  of  eroded  strata  U  called  an 


\    ■  o 


\ 

Fio.117.    rptnmed  and  Eroded  Strata.  Elk  Mountain*,  Colorado  (aft<  r  lUjdrnV 

Definition  of  Terms.— There  art   certain  terms  in  frequent  use  by 
goologistt  which  must  nowbod>-iiue<l.    These  are  dip  ami  stri fa;  unti- 

'  'ii'irliitr  uud  con/onnitir  tut//  luiroirftmnHif. 

Dip  and  Strike.— The  il ip  .»f  strata  is  their  inclination  toahori- 

:il  plane.     Thus  in  Fig.  118  the  strata  dip  southward  about  30°. 

The  angle  of  clip  is  measured  by  a  clinometer  (Fig.  149),  ami  the  direc- 
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tion  of  dip  by  a  oompOMi    Thone  two  arc  olten  conveniently  united  in 

II  ik'UrniiiK'il  the  angle  of  flip  varies  from 
Of  from  horizon- 
talitv  to  Fig.    f*     a  "J    S 

la  an  example  of  verti- 
cal   strata.       In    atroi 
:  ■]     rocks    ili"    strata 
rood  Uie 
perp 

I   pli'ti'lv     re-  yte  i4K 

the  change  from  i  may  bfl  marly  01  quite  180" 

In  a  eariei  of  rag  i.-i.like  that  df  Pig.  14k,  it  iseasy 

to  pstimnU'  ft  neaa  of  U»e  series.    The  thickness,  d  o,  s= 


at  X  Bin.  of  the  angh»  of  ili|»  80*.  Wo  KMBOtimei  find  an  r/W  ruiJ  aec 
.inch  as  that  represented  in  the  figure,  hot  more  nsaellv  m  observe 
ucccasive  outcrop*  on 

the  surface  and  the  U 

of  dip,  ami   I 

9  easy 

.•:h  if  the  roeki  ire 
Lore,  bill  'il   with 

wo  must  take  advan- 
tage ..f  .v.rv  ln- 

I   rarioe,   golly,  and 

stream  -  Ix-d  where  the 
nolo  may  be  exposed,  of 
■nary  quarry,  raulroad-cufe* 

.  |  ;  i  these  together  in  the  attempt  tq  make  :i  mop  of 
notcrwp  anil  I 

The  «/ri  rata  h  the  "  of  their  trend,  or,  n 

ratrly,  is  ihr  line  of  i  f  Ihe  ntraia  tcifh  a  horizontal  plane. 

always  at  right  singles  to  the  line  of  dip.     If  the  dip  in  north  Of 

south,  the  strike  U  east  and  west.     If  the  Btrata  are  plain  ike  is 

a  straight  line:  but  if  they  are  bent,  the  Btrike  may  be  a  curve.     For 

U 


.•<>.  — Vertical  HU»I*. 
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n[>l.\  if  the  strata  are  lifted  up  in  the  form  of  a  cone  or  a  dome, 
strike  will  be   circular;  if  the  strata  be  bided  and  than  tilted  in  a 

direction  at  ri'dit  an- 


,"".• 


'// 


r/:\\ 


n«.  mi 


glee  to  the   Co 
force,  the  strike  will 
be  sinuous.      Again, 
if  the  surface  of  the 

ground  is  level,  tlf 
outcrvp  will  be  the 
strike,  ami  will  be  straight  or  sinuous,  according  as  the.  strike  is  one  or 
tfctf  other,     liut  the  outcrop  is  usually  far  more  irregular  thuu  the 

strike,  as  it  id  affected  also  l.v  irregularities  of  -mi-furr  \>n<i\ 
erosion  ;  so  that  in  a  broken  country  the  outcrop  of  folded  strata  is  ex- 
tri  mely  complex. 

Anticline  and  Syncline- — Strata  arc-  nmu  or  less  folded,  and 

therefore  form  alternate  saddles  and  troughs.   The  saddles,  tire  dta/tV  ' 

troughs  tijnrlinr*.  The  lino  along  thu  top  of  thu  saddle  is  an  anti- 
clinal tui-t,  the  line  along  the  bottom  of  the  trough  a  *>tfnclinal  axis. 
If  it.  were  not  f..r  erosion,  lie'  anticlines  would    be  ridges  and   the  syn- 

oUnea  vallejs.    If  erosion  ovis  down  to  nearly  a  plane,  as  in  Fig.  38S, 

then  an  anticline  is  a  a 

known  by  the  strata 
being    repeated    on 

ii  side  of  an  axis 
and  dipping  aaaf 
from  ono  another ;  a 

■  line  liv  the  strata 
also  repeated  on  each  side  of  an  axiebol  dipping  toward  one  another. 

In  the  one  rase  the   oWw/  and   fauert  strata  are  on  the  axis  aud 
become  higher  and  newer  as  we  go  either  way  ;  in  the  othi  >     I  a  u 
most  and  newed  strata  uro  aloug  the  axis,  and  thev  become  lower  and 
older  as  WC  go  either  ffl 

I'.nl   iro-h.ii   !i-uul|_v   forms  ridges  and  valleys.     In  thin  case  some- 
times the  ridges  are  anticlines 
m  and  the  valleys  Bjnclinee,  as 

in  Fig,  i  ■ -metimes  tbo 

reverse  is  true.  It  is  very 
common  to  have  synclinal 
and  anticlinal  volleys 
(Fig.  154).  In  this  ease  th» 
original  configuration  is  completely  reversed  b\  erosion.  This  will  be 
explained  in  another  chapter  (p.  2G8). 

Pig,  153  and  the  following  figures (185  and  108)  will  illustrate  some 
of  these  points.     Suppose  we  have  strata  gently  folded,  so  ae  to  make 


El 
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an  anticline  and  synclinc,  and  then  tho  whole  tilted  and  finally  eroded 
down  bo  -i  iifuil  Bffaoa.     The  map  of  the  outcrop  of  suHi  ■ 

is  shown  irj  Fig.  156, 
in  wh.  ID  anti- 

and    H   H'  ii  HviK'liiuv 
■ml    the  arrows  show  the 
dip  on  either  aide  of  the 
axe*  and 
dipof  the  whole DoithwanL 

Fig.  153  is  a  section  of  the  sain.         I'l ...•  alnuositf  of  the  outcrop  is,  of 
course,  the  noce?  It of  the  folding  and  tilting.    Wehavesup- 

the  strata  folded  and 
:,    and    then    showed 
what  the  outcrop  would  be, 
The     field  .of 

course,  follows  tho   r< 

lie  works  out  the 

!    infei 

tnru    and    position    of 

strata.     If  tin-  itnta  had 
•Iv  folded  hut  not 

.i]l  of 

the  same  asotion  (  Pig.  153) 

would  he  much  simpler,  i.  c.  in  parallel  Unas  us  in  Fig,  156. 

cases  represented  by  these  figures  are  comparatively  simple 
we  have  supposed  the  -ml 


Via.  JMl— Mm  of  Cii.l  Dialing  Nlnli 
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removed,  so  that  the  out- 
crop u  easily  traced.  l*ut 
when  we  remember — 1. 
The    great    complex: 

rop  often  produced 
by   f 

That  rv   maoh  In- 

creased by  inequalities  of  3.  'Flint  ir  is  still  further  increased 

by  fia*uring  and  displacement;  and,  worst  <>f  all,  1.  That  the  rooks  uro 
largely  covered  by  soil — wo  easily  see  the  difficult;  of  the  tasdt  of  mak- 
ing a  good  geological  map  and  section  of  any  region. 

Conformity  and  Unconformity. — W  just  seen  that  all  land- 

surfaces  arc  d  xled  and  the  strata  are  left  with  their  edges  ex- 

posed.  We  have  also  seen  (pp.  133-137)  that  the  oruit  of  tho  earth  is 
*>rrwhrro  in  a  state  of  slow  movement  :  in  some  places  sea-bottoms 
r  rijiitiL*  atnl  beoomiog  land-surfaces,  in  others  hind-surfaces  arc  sink- 

i     attorns.      Now,  the  same  thing  has  taken  pla> 
rlii  ical  times.    Suppose,  then,  an  eroded  land-snrfaoe  with  tlie 
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strata-edges  exposed,  to  -ink  down  and  beeom mm-bnti  mi,  and  re- 

•  live   sc.h  ii  Kin-   MTattng  the   strata-edges  and   filling  the  erosimi-hol- 

lows,  ami  afterward  to  rise  again  anil  be  submitted  to  the  inspection  of 

geologist:  Pig.  187  raprOMttti  in  section  what  by  vool  They 

are  ini.i|ueteda8 
follows  :  In  A 
and  15  the  lower 
series  of  strata 
was  first  deposit- 
ed :  then  Hi'- 

■in  was  raised 
to    land  -  surface 

and      tin-      - 
tilted  and  eroded; 
thru  it  vent  down 
again      and      re- 
ceived  Ll 
euriea;  and. 
ly,  *m  raised 
inspected  by   the 
geologist.     In  Q 
the   process   wan 
tlie  same,  •• 
that    the  lir 

ries  of  strata  was  raised    without  tilting.     In  D  the    >■  •  ad    mi 
strata  «•«.<  nisu  tilti'd  in   tie-  seeond   ruining.     Now  the  strata  of  each 

scries  are  said  to  bo  conformable  among  themselves,  bni  the  two  scries 

are  unconformable  with  one  anotln-i- 

Definition. — Therefore,  strata  are  laid   to  be.  conformable  when  tliev 
are  parnlti'l,  continuous,  and  therefore  forwd  under  tl><  \d\- 

Koftftj  .in- i  an  unconformable  irh(  q  thojaze  diseorUinuout,tat6i  farmed 
uinler  different  condition-  |  the  discontinuity  being  alteaya  mortal  by 

an   old.  eroded  Inud-xtir/nre.     l.'nennformable  strata  are  usually 
parallel,  and  this  it  often  made  a  part  of  the  definition;  but  tl 
neoowary.    In  Fig.  157, 0,  there  is  no  want  of  parallelism.    Th 
ilreadf  explained. 
A  section  like  any  one  of  the  foregoing — among  the  comi 
geology — ivm.,'1-   [Many  interesting  events:  1.  & 
during  wbieb  sediments  of  the  first,  series  were  depoi 
on  a  sea-bottom.    The  length  of  this  period  is  measured  by  i 
ness  of  the   series.     2.   A    period   of   elevation,  during  which   the  see- 
bottom   heeauie  land-snrfaee.     We   have  no  means  of  estimating  the 
length  "f  tin-  period.    :>.  A  long  period  during  whioh  the  had«sarfaos 
became  dn|il',  eroded.     The  length  of  this  period  is  measured  by  the 
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amount  of  norfon.      L    A  period  i)f  .- n I »  i < i ; - r i < •  i ■ .  during  «  liit.li  tlic  laud- 
fltirface  beeame  sea-bottom     \\  timato  tho  length  of 

led  of  'in  i .  during  irhlcb  tho  second  wrifltaf  Bedim 
was  continuously  deposited.    This  period  is  estiimit.'d  l.y 
of  iltr  MdimeotK    9,  Another  period  of  elevation  by  which  the  whole 
wag  i  into  view.   Toe  process  is  more  fuii\  explained  Id  dodj 

■  concrete  example  on  page  804  of  Perl  III. 
It  i-  ei  ident,  then,  that  eu-ry  Oasa  of  unconformity  represent!  a  gap 
in  the  geological  record  nl  that  />!■/<■>■ ;  for  the  geological  record  ifl  written 

'.and  unconformity  means  .i  landVeurfaos  period, daring  which 

B  was  erosion  instead  of  ae<Ii iin-iuijf  ion,  record-destroying  instead  of 

record-innkiiiir.    The  gap  may  i«'  BUed  and  the  record  recovered  by 

ta  formed  at  that  time  in  mmu  other piece.    This  is  oaoallj 

case,  bat  not  always.    The  lorn  of  reoord  dds^  be  partly  by  erosion, 

but  mostly  because  not  written  al  that  place. 

iv,  as  we  hove  won,  t  In- 
■  oscillations.    Hut  crust  oscillations  produce  necessarily 
in  phyrical geography, and  therefore  chi  iliiu.ui-. 

therefore  also  changes  of  faunas  and  Bona    They  consequently  mark 
great  divisions  and  subdivisions  of  geological  history. 
Geological  Formations. — A  group  of  strata  conformable  throughout 
and  containing  oontinaona  reoord,  and  asperated   bold  other  eon- 
forroable  groups  by  a  line  of  o. noon formity,  is  called  a  jftotoffl 
mat:  re  are,  however,  other  tests  of  a  formation,  by  which 

hereafter  we  will  complets  the  definition. 

1        ...  Structure.9 

We  have  thus  far  spoki  D  tmlj  if  the  original  and  universal  structure 
ocks,  together  with  the  tiltings,  foldinge,and  en 
which  tl  'i  Subjected,    There  is,  soften  found  in 

itratifled  rocks  a  KUjmrimhtced  structure  which  simulates,  and  ifl  often 
Btratiflcation.    It  is  called  it rueture*  or  (since  it 

i.i  usually  found  in  elates)  tutttf  cleavage.    Thi  has  teoei 

attracted  much  attention,  and  i-  an  admirable  example  of  the  successful 
appli  to  iho  solution  of  problemR  in  geology. 

v  be  defined  ai  tin-  easy  splitting  of  any  substance  in 
planes  parallel  to  each  other,    Such  definite  splitting  may  result,  in 

rent  cases,  from  entirely  different  muses.     For  example  («).  01 
the  influence  of  the  sorting  >f  water,  sedimentary  materials  mag 

be  so  arranged  as  to  give  rise  to  easy  splitting  along  the  planes  of  laiui- 


•  tnfc  ■tincture  U  umutlly  tre*i«l  tinder  mct«mor|.hie  nx-k*.  aa  •  VinH  of  metnmor- 
|Mn;  bat  it  I*  fotiuu  In  rock»  irfalcti  Invenot  uadi  i-niicordinarj-nictaiiiorpliu-clw.: 
«nd  il  b  produced  bjr  »a  entirely  different  nut, 
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nation.  Many  rocks  may  be  thus  split  into  large  coarse  slabs  cull  .1 
flag-stones,  and  are  used  for  paving  Streets,  or  even  sometimes  an  roof- 

big-slates.  Thia  may  be  oaUed^q^slms  rUarmji;  or  lamination  cleaY- 
agc.  Again  {£),thc  arrangement  of  the  ultimate  molecules  of  a  mineral 
under  the  influence  of  molecular  oc  crystalline  forces  gii  to  an 

exquisite  splitting  along  the  planes  parallel  to  the  fundamental  faces 
of  tli  :.     This  'iB  Called  erj/tttUliitr  chmunjr.     A;.'aiii  ('  I 

rangtmenl  of  the  wood-cells  under  the  influence  of  vital  forces  gives 
rise  to  easy  splitting  of  wood  in  the  direction  of  the  sQvef-grain.   This 

may  lie  railed  organic  c'rin-nn''. 

Noir,  in  certain  slates  and  some  other  rocks  is  found  a  very  perfect 
cleavage  on  i»  stupendous  scale.  Whole  mountain-;  of  strata  may  bo 
rlrft  from  top  to  bottom  in  tlnn  slab?,  along  planes  parallel  to  each 
other.  The  planes  of  cleavage  seem  to  have,  no  relation  to  the  strata 
but  cut  through  them,  maintaining  their  parallelism, however  the  strata 

may    WTJ     in     dip 

(Pig.  188)    Usually 

■ 
arc  highly  inclined, 

and     often     nearly 

perpe  r.      It 

is  from  tho  cleaving  of  such  slates  that  roofing-slatea,  eiplmring-slatee, 
and  blaolcboatoWates  era  made.  This  remarkable  .'tnmture  has  long 
excited  the  interest  of  geologists,  and  many  theories  have  been  proposed 
to  explain  it. 

On  cursory  examination  of  such  rocks,  the  first  impression  is,  that 
the  ofaarage  is  hut  a  vary  parfoct example  of  tlag-ftono  or  lamination 
cleavage — that  the  cleavage-planes  arc  in  fart  Btratifiontion-planej,  aud 
thai  we  have  here  an  admirable  example  of  finery  laminated  ■ 
which  hare  bsao  Uglily  tilted  and  then  the  edges  exposed  by  erosion. 
('loser  examina- 
tion, however,  will 
generally  show  the 
falseness  of  this 
Pig,  159 
represents  a  mass 

of  slate  in  which 
I  hire  kinds  of 
structure  are  dia- 

tinctly  seen,  viz., 

joint  feat,  A,  B, 

i\.r,j;  ttratffloatton-planu,  8  8  >'.  gcntlj  dipping  to  the  right;  and 

cUttveg&fiimtt,  highly  inclined.  It  D,  cutting  through  botlu    Cleavage- 

planus  arc  therefore  not  stratification  -planes. 


D  J 
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Again,  it  has  Wen  compared  to  crystalline  cleavage,  on  a  huge  scale. 
It  has  bo  wl  that  electricity  traversing  the  earth  in  certain  di- 

rections, while  ceriain  rocks  were  in  ;i  senii-lluiil  0T  plastia  State  through 
heat,  arranged  the  particles  of  snch  rooks  in  it  definite  way,  giving  rise 
to  easy  splitting  in  definite  directions.  In  support  of  this  view  it  was 
urged  thai  oleaved  slates  are  most  common  in  metnmorphic  regions; 
and  metamorphlsm,  as  we  shall  see  hereafter  (p.  221  el  sctj.),  Is 
the  previous  plastic  state  oi  biob  is  u  necessary  condition  of  the 

rearrangement  ol  the  partiolei  bj  electricity.    The  great  objectiona  to 
iry  are — 1.  That  the  cleavage  is  not  Hid  line  cleavage, 

between  ultimate  molecules,  and  therefore  perfect!)   smooth,  but  be 
tween dh  I  qaita  risible  grannies]  mid,  2.  That  ajthongn  the 

phenomenon  La  Indeed  -t   ei.uimuii  iii   metaniorpbio  rooks,  yet  mt'ta- 

morplii-in  is  by  DO  means  a  necessary  COnditioO  ;  on  tin-  contrary,  when 
the  real  necessary  conditions  aro  present,;!  dan 

perfect  the  cleavage. 
Ii  :  i,  therefore,  that  slaty  cleavage  is  not  due  to  any  <»f  the 

caiu*  n   of  above.     It    is   Dot   flag-stone  cleavage,  nor  crystalline 

cleavage,  and  of  course  can  not  bo  organic  1 1- en.  ■. 

Sbarpe's  Mechanical  Theory.— The  Brat  decided  step  in  the  right 
(tun  was  Sharpe.    Aocording  bo  him, slaty  eleavagi  it  al- 

ways duo  l"  jfirerfiif  p  at  fiffhi  angle*  to  tko.  planes  ofc/n'mfir, 

by  whirl,  thr  ■  timofpn$t- 

urt  ami  ex/muled  in  Iht  direction  0/  On  dip  of  tht 
This  theory  may  be  now  regarded  as  completely  eetablished  bv  the 
labors  of  f  •'.-,  Hangbton,  Tj  ndall,  and  others.    We  will  givo 

a  few  uf  the  most  Important  observations  whiob  establish  Its  troth. 

•<litll*.—  Many  cleaved  slates  arc  full  of  fossils.     In 
such  he  fossils  are  always  crashed  and  distorted  aa  if  by  powerful 

pros  diame- 

ter  being   ahorh 
at  right  angles  to  the 
.  and   greatly 
:.«sed  in  the  di- 
lon  of  the  clcav- 
fol- 
lawing    figures    (Fig. 
mplce  of 
y    press- 
ore.     In  Fig.  ICO,  ££ 
giver-  11  of 

the  p  cleavage ;  Figs.  1,  i,  3, 4.  represent  one  sp  5,  6,  7.  8, 

another.     In  Fig.  161  still  another  species  is  represented  in  tho  natural 
and  distorted  forms. 
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(A.)  Association  with  F"tt'i,/;/s. — Cleavage  is  always  associated  with 
■  strong  foldings  and  contortions  of  the  strata.     The  folding  of 
strut  odnoad  by  korisonial  pnssmre  . 

strike  of  the  strata,  or  the  direction  »t  the 
ilinal  and  synclinal  axes,  being  of  course  at 
■ 


.  1 1 . 1  l»n  i  ■  f  r  i    A    uutural  tan;  /'  will  (-.  difornicil  D 

■  in  iin  direction  of  preamre.    Wow,  if  deai    ■    I 
ill.-  same  preamre  which  folded  the  strata)  then  in  this  case  wo  ought 

bo  find  tlio  eleavage-pl 
highly  inclined,  end  th*ir 
strike    parallel    with 
strike  of  ti..'  steal  I :  and 
BOOfl  mi-  liinl  is  usually  the 
tact      In    Tig.    II  I 
hew  r  lin-  a  tcpraaont  the 
K"-"''   '  wnm«*i«i«ip«n,         strata  and  the  light  linn 

Che  flcMviigv-jilarii's,  both  outcropping  on  a  nearly   level  surface,  and 
parallel  to  each  other. 

(c.)  Assoeiation  mffl  Cohiorted  Lamina, — The  last  evidence  was 

taken   boom  foldings  on  a  grand  scale  of  tho  crust  of  the  earth ;  but 

even  fine  tinea  of  lamination  are  often  thrown  into 

intricate  foldings  by  Bqneezmg  together  in  the  di- 

reetion  of  the  lamination-places,     [n  neb  cose,  of 

ocarae,  the  oleevage  ought  by  theory  to  be  :it  right 

angles  to  the  original  direi  tion  i»f  the  laminationi 

Mini  in  such  direction  we  aoraally  And  them.    Fig. 

n;:;  represents  a  block  of  rook  In   which  three 

lamination-lines  are  risible.  The  lower  ano,/d, 
c-..n-1-t  ..i  ooane  sand  which  could  DO<  mash,  and 
therefore  baa  been  thrown  into  folds.  As  the 
specimen   xtamh    iii    i:  .    the  pressure  ban 

been  horizontal ;  the  perpendioalar  lines  rep* 
the  position  of  the  cleavage- planes.  Fig.  ir.4  rep- 
resenta  a  beautiful  specimen  of  laminated  slate,  in 
which  the  Lemination-planee  have  been  thrown  into  folds  by  prossnTe. 
The  direction  of  the  pressure  is  obvious.  Tho  planes  of  cleavage  arc- 
parallel  to  the  face,  8p,  and  therefore  at  right  angles  to  the  pressnm 

(7.i   Flattotud  NotCuUs. — In  some  finely-cleaved  slates,  such  as  are 
xatd  for  writing-slates,  it  is  common  to  find  email  light-greenish,  ellip- 


ll  .i  ikx-l'laiH- 
I  Tjiwl»IJt. 


tical  .-)">  I-     r r >  i  L»\-i k-posits*  of  the  present  day  it  is 

also  common  to  l'uul  ii  I  link-  round  Dodula  of  Son  matsriali 

It  is  probable  thai  the  ^rr-v.-iii^h 
noduli  I      in    slate    wore     also 
rounded  nodolcs  of  finer  olaj  in 
tho  original  clay-deposit   from 
which  tin  slate  was  formed  by 
consolidation.     Hm  in  cleared 
tOM  oodales  are  always 
ted  in  the  di- 
•i.  ■<  right  angK 
char..  I  out 

in  t!  ■■'  planes. 

I 
Finallv,  experiments    by  Sorby 

and  bj  TyndsJ  shim  that  clay 
basil  of  rial*  i),  when  sub- 
jected to  powerful  preeaun 

Cfl  always  a  cleavage,  o 
a  very  perfect  cleavage,  nt  right 
angles  to  tlie  line  of  MUMHIIIW  *■  W— A BlMfcaf Ola—a EMU (aaarMafr 

Physical  Theory. — Cleavage  is  certainly  produced  hi   [in-rfliirp,  but 

remains:  How  does  prosnura  prodoca  planes  oi  easy 
splitting  at  righl  angles  to  iuowu  direction?    What  is  the  physical 
>f  cleavage? 
Sorby'a  Theory.*— Mr.  Sorby's  new  is  that  all  cleaved  rocks  coii- 
n  this  structure  was  impressed  upon  it,  of  a  pi.  > 
IB,  with  utirtjr 

insted  through  it;  and  that  hjfpMatun 

tht  e*i  partidM  wtrf  lur/icti  - 

to  bring  (heir  long  tliamrfnrx  in  a  dirrrtinn 

■  or  Uu   nrnrhj  nt  right  0  the 

tfprt$$M  'linal  planes 

■  nr/ure  in  thitl  ,/•',  .  lly, 

an  in  shit.-;,  tin-  plastic  material  U  clay,  i 
the    Quean  aud    particles  are   mica-sr:. 

.1,  Fig.    L6S,  represent  a  cube  of  I 
with  mica  flhawmllialwl.     If  Roh  a  cube  he 

I    and   broken,   the    fracture  will   take 
plana  principally  along  the  surfaces  of  tho 
mica,  which  may  therefore  be  seen  glisten- 
.'gSSEfcSfi.  ing  on  the  uneven  surface  of  the  fracture; 

*  ruilotophtea)  UaguiDC.  Koond  •eric*,  vol.  xl,  p.  SO. 
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but  if  the  cube,  while  still  plastic,  be  pressed  into  a  flattened  disk.  then 
kshIm  are  turned  with  their  long  diameters  in  the  direction  of  ex- 
tension and  at  right  angles  to  the  line  of  pressure,  n*  in  />',  Fig.  Itio, 
anil   tin:    plain-.--  of   ea-y  ErsoturO,  being  .-till  dotflD  ov  these  sur- 

faces, will  be  in  that  direction.. 

In   proof  nf  tlii.s  view-,  Mr.  Sorbj   mixed   day  will.   m  ion-scales  or 
witli  oxide-of-inm  wales,  ami,  upon  subjecting  the  nUUH  to  powerful 

compression  and  drying,  ha  always  found  i  perfect  cleavage  at  right 

angles  to  the  lino  of  pressure.     Furthermore,  DJ  microscopic  exuininu- 
tton   he  found   tliai  both   in   ilu-  pressed  elny  ami  in  the  cleaved  slates 

tlir  mi   :l-aG8jOI  lav  ill   Ilir  <]||.>  Il'Hi  of  tin    i  |r;ivaL'l--['la!:.':-. 

Although  oil  -  most  perfect  in  slate*,  yet  other  rocks  are 

sometimes  affected  with  this structure.     In  a  specimen  :<1  >  rn&- 

Stone,  Smliv  found  under  the  microscope 
uucquiaxod  fragments  of  broken  shell.*, 
corals,  crinuid  stem--,  etc.  (organic  parti- 
cles), in  a  bomogeneoni  tunestoi 

with  their  long  diameters  in  the  di- 
rection of  cleavage.  Oi  lime- 
stone was  a  1  i  1 1 1  -  -  - 1 1 1  ii  1 1  with  (he  supposes) 
unequiuxedorgiiuic  particles  diaaeminatodi 
In  some  cases,  however,  Borby  recognized 
the  very  important  fact  that  the  organic 
fcegmenl  <  which  were  cucrinal  joints,  had 
bean  fialltntd  f>tt  prttntn — had  changed 
their  form  instead  of  their  position.      I, 


$m. 


B 


ki.i.  isa-  mnimun  *<iTbv»Tiii'orr    Pig.  166,  given  ii  -n  tion  of  the  mass  in  the 
•:""'lir,"s'''u-''      supposed  original  condition,  and   0  the 
dition  after  pressure.     ThU  observation  contained  the  germ  of  the 
theory  proposed  by  Tvmlall. 

Tyndall's  Theory.*— Tyndall  wan  led  to  rejed  Sorby's  theory  by  the 
rvutiou  that  ch-avii^i-  .-inutun-  was  not  confined  to  classes  contain- 
ing uneqniazed  particles,  of  any  kind,  but,  on  the  contrary,  the  cleavage 

is  more  perfect  in  proportion  a*  the  mass  is  free  from  all  such  part' 
Clay,  deprived  of  the  last  I  race  of  foreign  particles  lOrting  power 

of  water,  when  pressed,  -leave.]  in  the  most  perfect  manner.  Common 
beeswax,  flattened  by  powerful  pressure  between  two  plates  of  glass 
and  then  hardened  by  cold,  exhibits  a  most  beaut  if  ul  cleavage  structure. 
Almost  any  substance — curds,  white-lead  powder,  plumbago — subjected 
to  powerful  pressure, exhibits  to  some  extent  n  similar  structure.  Tyn- 
dall  explains  these  facts   thus:  Nearly  all  substances,  except  vitreous, 

have  a  granular  or  a  crystalline  structure,  i.  &,  conal  '//  of  dis- 


l  ;.!!•  sopUi  si  H  isasb  t,  monad  -  rfi     roL  -.i>  s. ;  & 


granules  or  crystals,  with  surfaces  of  easy  fracture  between  them. 
When  tuoh  substances  are  broken,  the  fracture  takes  place  between  the 
OT  granules,  producing  a  rou^li  enstulline  01  granular  surfaco, 
:.|v  WiiTirti.i  fruiu  the  smooth  surface  of  vftreoui  Erectors    Marble, 
east  iron,  earthenware,  and  clay,  are  good  examples  of  crystalline  and 
granular  structure.     Now,  if  a  mat's  thus  composed,  yield  to  pressure, 
ustitucnt  granule  is  Battened  into  a  scale, and  the  structure  be> 
oomes  rraly  ;  and  as  the  surfaces  of  easy  fracture  will  still  bo  tot* 
the  constitm  ii  nrnta,  wn  have  oleavage  %\  right  angles  to  tin-  li 
pressure.     A  mass  of  iron,  jn«t,  taken  from  tin-  puddling-furnace  and 
led,  exhibits  i  granular  Btrueturf  j  tot  if  drawn  out  into  u  bur, each 
granule  into  a  thread,  and  the  structure  becomes  fibi 

or  if  roll.'.]  into  »  Hheet,  each  granule  is  Battened  into  a  scale,  and  wo 
hav< 

ittle  doubt  that  this  is  the  true  explanation  of  slaty 
cleavage.     The  change  of  form  which,  as  we  bavs    i    D,  ban  taken  | 
in  the  foaait^hellf,  enerina]  joints,  und  rounded  oodnlea,  has.  all- 

.1   ttl       -ii.  ii. ii  earthy  mass,  so  that  Eheetntet- 

nro  becomes  essentially    BOaljf  instead  of  granular-,  tile  ol  being 

between  the  COtutitnent  wales.  Sorby,  it  is  true,  in  bin  observations 
on  cleaved  ■  ■■■o^ni/A'd  t li<-  true  6&tua  of  eleaMc'e,  ■•!/..,  tliii 

(kntKj' "t  f-irui  of  discrete  particles;  but  he  regarded  this  as  eubordi- 
nato  to  cbange  of  |wj»ition.    Besidea,  the  particles  of  Sorby  e  w 
riijii,  whieh  Tvmtall  has  shown  to  bo  unnecessary;  while  the  partiolee 
of  Tyndall  arc  eonstitui 

Geological  Application.— It  may  bo  considered,  therefore,  as  certain 
that  cleared  slates  have  assumed  their  peculiar  structure  under  the  m- 
•  >f  powerful  pressure  at  right  angles  to  tb  ige-pttvnea,  by 

which  the  whole  squeezed  mass  is  mashed  together  in  one  Mid 

extended  in  another.  Taking  any  ideal  sphere  in  the  original  unsqueezed 
mass  :  after  mashing  the  diameter  in  the  line  of  pressure  has  been  short- 
em-,  i  in  the  1  ;iv;iL'e-<///<  hat  been  correspond]' 

.  and  the  diameter  in  the  lineof  deavgge*strike  unaffected  (since 
extension  of  this  diameter  in  any  place  must  be  compensated 

g  in  a  contiguous  place  right  or  left) ;  so  that  the  original  sphere  has 
d  into  a  greatly-flattened  ellipsoid  of  throe  unequal  diame- 
ters.   The  amount  of  compression  and  extension  maj  mated  in 

iaeo  a  by  the  amount  of  distortion  of  shells  of  known  form  i  Figs. 

md  161);  Ed  the  ease  •   by  u  comparison  of  the 
ter  of  the  Mode  with  the  length  of  the  folded  line  >  L88)s  In 

the  case  <l  by  the  relation  between  the  diameters  of  tin-  elliptic  s|H>t«. 
Hy  then  means,  but  prim  ipally  by  the  first,  Kanghton* 


*  rhUooopbicftl  M*g*riue,  fourth  scries,  vul.  ill,  p,  40». 
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an  original  ideal  sphere  has  been  changed  into  an  ellipsoid,  nl 
grew  arc  to  each  ntber,iu  sonic  08406)  as  2  :  1. 

iii  ■iihiiv:  is  ■''  I  1.1:1.  6  Of  7  !  1,  'J  :  1,  and  in  some  BVOB  11:1.     Tin 
gran  /l-i'li.";ivi'd  glatea,  according  to  Sorhy,  is  ;il»<.»ut  8  :  1      B 

since  this  ratio  Ei  the  recall  partly  of  compression  and  parti;  of  u 
■fan,  il  I-  evident  thai  either  tin-  a  mnri  non  alone  or  the  t 
iiloiK-  ivouiii  iir-  ill  »   roots  of  these  ratios.    Therefore,  we  ma; 

assume  in    average  compression  as  2£  :  1,  and  the  avers 
■ 

It  is  impossible  to  on  ate  the  geological  importance  of  these 

Whole  mountains  oi  strata,  whole  regions  of  the  earth's  ei 

arc  cleaved  to  ••rent  and  unknown  depths,  showing  that  the  I  t 

bean  subjected  to  in  almost  inconceivable  force,  squeezing  it  I 

in  an  horizontal  direction  and  swelling  it  upward.  This  upwind  BWi 
ing,or  thickening  <if  the  strata  DJ  lateral  - « j 1 1 « - 1  ring,  is  a  probable  01 
of  gradual  cle*  the  earths  cruet,  which  lias  not  been  noticed  by 

g.'-.iiigiNts,    We  will  speak  again  of  thii  important  subject  in  our  - 

Ion  DJ  iniiuiilaiii-fonniiti<iii. 

There  :ire   reasons   for  believing  that  tin-  squeezing  did   not   take 
I  the  structure  was  not  formed,  while  the  strata  were  in  their 
original  condition  of  plustie  sediment,  t>U<  after  they  had  been    lOB 
dated  into  rock  and  the  contained  fossils  had  been,  completely  petrified, 
otherwise,  the  shells  must,  have  been   hrnki  n  by  the  pressure.     Y(  t,  OH 
the  other  bund,  tjoma  degree  of  plasticity  soenn  absolutely  necessary  fca 
account  for  so  great  a  compression  in  one  direction  and  axtsnsioi 
another  without  disintegration  of  the  mass.     It  seems  most  probable 
that  at   the  time  the  structure  was  produced  these  rocks  were  dee] 
buried   beneath  other  rucks  and   in  a  Somewhat  pluMie  state,  through 
the  influence  nf  heal  in  the  presence  of  water.     Afterward,  they  l 
exposed  by  erosion. 

NoduUr  <it  Cwortttonary  Structure. 

In  many  stratified  rooks  are  found  nodules  of  various  forma  seal 
through  the  mam  W  in  layers  parallel  to  the  planes  of  stratification. 
Like  slaty  oleavagO,  this  Strnetare  IS  the  result  of  internal  el 
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sequent  to  the  scdini-  niaiioii;  for  the  planes  of  strut  ideation  often  pass 
directly  through  the  nodules  (Figs.  1G7  and  10t>).    The  Hint  nodules  of 
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<,  and  the  claj        D       inc  nodules  of  the  coal  strata  and  hy- 
draulic lime-bulls,  common  in  many  days,  are  familiar  illiu;  ciiimia  of 

tincture. 

Caase.  —  Xodular  OOnCMtiOQB  serin   i qui  solu- 

nupMuililfl  snbatanee  is  diffused  la  Bmall  quantities  through 
amass  of  entirely  different  nad  mora  fixed  material     That,  >! 
•  hiv  lii.v.-  bbuII  quantities  of  carbon 
■',  iron  diffused  through  them,  tin-  <hiTn.-  [w  of  time  or  Emm 

will  gradually.  DJ  a  BTQCeaO  little  uuder- 

gregate  th  m  i  Ire   into  more  or 
leas  spherical  or  nodular  masses,  is  some 
cases  almost  pure,  hut  .generally  incl 
ing  a  co  quantity  of  the  mate- 

rial of  tin- strata.      In  this  maiiriei  limc- 
lialls  and   inn-ore  balls  unci  nodiili  -.  -•► 
in    B&nd  .  are 

Eonnodi    In  Hke  man  Biol  nod* 

of  -ii  •  obalk  wow  formed  by  the 
originally  diffused 
i  quantities  through  tin-  ohalk-eodimeab     Very  often  .some  for- 

it  which  the  segregation  ■ 
-  n  nodule  open,  a  shall  »r  some  other  organism  a 

OUnd    beautifully  preserved.      These 
fruitful  I    beautiful    fossils.      In  most  eases,  ])roliahly  in  nil 

cases,  the  segi  100  mutt  have  been  to  tome  axtenl  aol 

rater  pervading, or  snapenafblB  In  water  j»:*i  iii<-  stratum; 

n  why  they  are  so  frequently  associated  ■  life 

-into  matter  renders  niuny  substances  anon  as  lime 
carbonate,  iron  ■  a  mora  wlubh,     Somettm 

run  together,  forming  a 
or  less  continuous 
-traluiii  (Kg,  178).  In  mii. -h 
eases,  th>'  segregating  tnato- 
ii:il  is  mora  impure. 

Forms  of  Nodules. — The 

i  men 

form    is  'ihihulitr.      This  is 

u.-ii  seen  In  lime-balli  and 

iron-balls.  Sometimes  I 

fid,  -.mu'tiim-i 
tiny  have  irregular  cracks 
in   the   center   (I 


Via   171 


iaVn). 


i.ivr  i.  radiated   itructttro  (Fig.  170),  sometimes  U 
are  hollow  like  a  shell  (this  Ls  common  in  iron- kills)      Thoj  vari  in  size 
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from  that  of  a  ]H»a  to  six  and  eight  (eat  in  diameter.     Often,  however, 

■nil    of    the  >|>lirrir:il    fc.rni.  tlit-y  take  Oil   various  and    mi::: 
fantastic  i-lmpes  (Fig.  171),  sometimes  like  a  dumb-bell,  sometimes  a 
flattened  di.sk,  tometHnaa  ■  ring,  sometimes  a  flattened  nUipfPifl,  regu- 
larly seamed  on  the  surface  like  the  shell  of  a  turtle  (turtle-stoi 
They  are  often  ini.-t;ikcii  by  uuwrifti til'u-  ohscrvcrs  for  fos.-il.-. 

Kinds  of  Nodules  found  in  Different  Strata.— In  sand  -  >  •  ta  the 

nodnlei  an  oommonlj  oarbonata  of  lime  or  oxide  of  iron  (lima  on 

baHa]        In  clay 

itrata  I 

carl  I-  USUI 

or  carbonate  dJ 
n  -  01  [olq  boo 
stone  of  coal 
strata),  or  an 
tn  re  of  these 
(ltoman  cement 
nodules  of  tbs 
London  clay). 

In  lime  bona  the  nodules  arc  always  silica,  and  conversely 
nodules  are  peculiar  to  line  tone.    The  Bint  nodules  of  the  chalk  are 

remarkable  for  bring  arranged  in  planes  parallel  to  the  pianos  of  strati- 
ficatiou     (Kg,     11 


Fio   1T1— A  Curium  Form  of  Coot rei ion  (after  UraUca|i» 
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Sometimes.    Qu    sBi* 

« I    matter    segro- 

gatefl  in  continuous 
strata  of  siliceous 
limestone  |  Pig.  I  ■">)■ 
In  the  cases  Ural 
ii  of,  the  nod- 
Rlee  ar©  scattered 
through  the  nm 
tlie  strata  or  arranged 

in  planaf  parallel  to 

the  planes  of  itm 
cation.     But  in  some 

cut-r.s  tho  whot  matsol  ihi  rook  asramei  b  eoncretionarj  or  soncentri* 

structure.     The  cause  of  thin  U  still  more  iliflicult  to  explain. 
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FOBSZES:   THEIR  ORIOIX  A.VD  Dl.STHIBtTIOX. 

Stratified  rocks,  as  wo  have  already  seen,  an-  eedimonta  accumulated 
in  an-  nil  seal,  lakes,  deltas,  etc.,  and  consolidated  by  time. 
bo  ttu  a,  dead  UaeDavan  Imbedded  I  i  Bhore-depoaits;  leaves  and  logs  of 

high  hind-plants,  and  bones  of  hind-animals,  were  drifted  into  swa 
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and  deltas  and  buried  in  mud  ;  and  tracks  were  formed  on  flat,  muddy 
.  animals,  walking  on  them.     These  have  been  preserved  with 
more  or  ige,and  are 

•  v.  n    now   ton  ^reat 

nnmhers  inolOMd  in  Strati' 
fled  rocks.     They  ;iru  I 

fos*\'  therefore) 

is  an  oe  of  the  for- 

i  >f  a  living  be- 
ing. Fossils  are  the  remain.* 
of  the  fan  I  florae  of 

Their  pi  I  lie  most 

st.int    characteristic    of 

Degrees  of  Preservation. 
— Sometimes  only  the  tracks 

tls,  or  impreeaione  of  leaves  of  plants,  arc  | 
commonly  tbe  bonei  or  shells,  or  other  hard  parts  of  animals,  in  pre- 
served v.  as  degrees  of  ohange.    Sometime*  even  i  he  .--oft  and 
e  perianal  nee  are  preserved.     We  n  ill  treat  of  these  degrees 
under  thiee  principal  head-  : 

l.  ;  td  ''.'-/  th*  Organic  tCtUttntTt  or  tea 

kind  are  usually  found  in  compnr* 

ativ  a  la,  anil  imbedded  either  in  floam  toiU,  OK  iii  /'"it,  or 

I  of  partial  i  ton  of  the  Or- 

ganic matter  are  found  even  in  old  roeks.    Extinct  elephants  have  bees 

■  \  frozen  in  the  mer-blutTs  of   Siberia  so  perfectly   preserved    dial 

dogs  and  wol  -heir  flesh.    Skeletons  of  dm  o  and  animal*  are 

found  in  peat- bogs  and  Stiff  clays  of  a  comparatively  recent  formation, 
tbe  orgai  *  of  which  is  still  preserved.    In  clays  of  the 

i  I  shells  still  retain  the  epidermis,  and  btod  in  the 

I.   .-  i  Mi  heQs  are  found  retaining  the  nacreous  luster.     Ooal  is 

i.  r  ohanged  but  not  destroyed.     It.  is  found  in  almost 

ion,  evendown  to  the  oldest.    Every  degree  of  ohange  may 

be  traced  in  different  specimen*  of  fossil  wood,  between  perfect  wood 

and  perfect  coal. 

Organ ie  Form  and  Structure  prexrrrtd. — In  the 
hut  case,  the  trganle  mutter  is  more  or  less  preserved.  In  the  case 
now  to  >•■  ed  the  organ ie  matter  is  entirely  gone;  bnt  the  ur- 

MBae /ferns  and  the  or  r rr  are  preserved   iii   mineral  matter. 

This  is  what  is  usual h  on  or  mineralization.     The  beet 

example  of  thil  -4  wood.     In  a  good  specimen  of  petrified 

wood,  not  only  the  external  form  of  the  trunk,  not  only  the  general 
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structure  of  the  stem — vi/.,  pith,  wood,  and  hark — not  only  "In-  radiating 
silver-grain  ami  the  concentric   rings  of  growth,  an:    di  -  but 

even  Ulfl  microscopic  cellular  structure  of  the  wood,  and  the  exquisite 
aoolpturinga  of  bite  cell-walls  themselTOB,  are  perfectly  preserved,  *o 
that  the  kind  of  wood  may  often  be  determined  In  tin-  m:  with 

•:i_v.    v.'t  not  one  particle  of  the  organic  matter  of 
the  wood  remains.    It  has  been  entirely  replaced  by  mineral  matter; 

usually  by  -mm-  form  ■  if  silica.     The  game  i>  true  oi  sheila  and  bone* 

of  animals;  I  icIIb  and  bouc- i.i-i   naturally  partly  of  OTgi 

and  partly  of  mineral  matter,  very  of  tea  it   is  otiljf  the  organic  Dial 
which  is    replaced,  although  sometimes   the  original  mineral    matter  is 

also  replaced  by  rilioa  ox  other  miafiral  substance     The  radial 
LOttrre  of  corals  or  the  microscopic  structure  of  teeth,  bones,  and 

shell-,   Ifl  Often   lieaulifully    pre-encd.      Tliis   kind   of  preservation 
abdlfl  and  corals  is  mOflt  common  in  limestones  and  clays  ;  for  wood,  in 

graveSa 

Theory  of  Petrifaction. — If  wood,  bfl  in  a  strong  solution  of 

sulphate  <>f  iron  <  copperas)  and  dried,  and  the  BBI 
id  until  tin-  wikhI  ts  highly  charged  with  this  salt,  ami  then  bun 
the  Btrin  inn-  "f  tin-  wood  will  bo  roughly  pronorred  in  the  pei 

iron  left.  Also,  it  is  well  known  that  the  smallest  ti>.-ure 
in  rock-  are  speedily  tilled  bj  infiltrating  waters  with  mineral  matters. 
Nlw.w.mkI  in i i i- -< l  m  -nil  soak rd  with  -mur  petrifying material  becomes 
highly  charged  With  the  tamo,  and  the  cells  tilled  with  infiltrated  mat- 
:iik1  when  the  wood  (iecav-  the  petrifying  material  is  left, retaining 
the  structure  Of  the  wood.      Bot  this  is   DOl    all,  for  in  Nature 

au  additional  proem,  not  illustrated  either  by  the  experimen 
the  example  of  infiltrated  fillings.     A-  each  particle  of  organia  mutter 
■s  away  hy  decay,  a  particle  of  mineral  matter  takes  its  place,  until 

linally  the  whole  of  the  organic  natter  i-  replaced.    Pi  in,  there* 

f, ,i-c,  is  :i  pr..ci  ■■-   of   -uhrtittiHnii.  as   well    e    interstitial    filling.     Now, 

I  lia|ijicns,  proliaMy  from  tin-  different  nature  of  the  pi 
two  earns,  I  bat  the  interstitial  filling  always  differs,  either  in  chemical 
composition  or  in  color,  from  the  i  in..-. 

a  y   rial.    Thus  the  structure  is  still  risible,  tboi 

■  ^\  man  i-  solid.    If  Fig.  174  n  pi 

three  petrified  wood  cells,  the  matter  filling 

(A)  is  always  different  from  the  matter  forming  the 

erll-'Aull    (c  |. 

The  mo.-t  common  petrifyi 
oarhonate  of  lime,  and  sulphide  of  iron  (pyrites),    in  the  case  of  petri- 
faction hy  pyrites  the  process  is  quite  intelligible,  luit  the  vtru<  lure  U 
usually  very   Imperfectly  preserved.     If  water  containing  sulphate  BJ 

iron  i  IV  la  contact  with  d  pnio  matter,  the  alt  U 
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tidized  by  the  organ ie  lriair.-r.  i!  n;i**ing ofl  as  Carbonic  arid 

bar,  and  the  former  becomes  insoluble  »^iil|ili"nl<-  (FeS),  .> 

,  as  each  particle  of  organic  matter  passes  away  as 
and  11*0,  the  molecule  of  Iron  sulphate  which  effected  the  e Manga 
is  it/wlf  chair  insoluble  sulphide,  and  takes  its  place 

The  proocBB  of  replacement  by  sift  d)  is  tea  clear,  but 

it  is  probably  us  follow-:   Silie.-t   il  found    in   solution   in   many  wateBJ, 

living  held  in  this  condition  by  anmll  quantities  of  alkali  present  in  the 

waters.     [ftOOntad   with  decomposing  wood  tin  drahzed 

md  other  acids  of  d  -      />o.*itioti,  and  Hit  silica 

J'tn/i  unhj  //reserved. — In  the  third  case  organic  mat- 
ind  organic  structure  are  both  lost,  and  only  organic  form  is  pre- 
served.     This    kind    of 
foasilization  b  i 
tnonly  seen  in  shells.    It 
ix»  subdivided  into 
■iiihordii 

1 1  in  section  by 

In  tins  figure  the  i!  lines  repreoenl  the  origin  i  mi  (rhii  b 

ay  doI  bare  consolidated  into  rock*  the  vertical  Unoi  repre 

:it  »  «u:  tilling  of  different  and  nsnall]  bier  material.    In  a 

W9  have  a  moUofttt  agfar nal  form  of  tin'  -lull  preserved  in  sediment 
-lull  with  the  nndecayed  animal  was  imbedded,  and  afterward  en- 
ly  dissolved  away,  leaving  only  tin-  hollow  mold.     In  b  the  same 
process  has  taken  place,  only  the  mold  has  been  subscejnently  filled  by 
infiltration  of  slightly  soluble  matters.      In  this  e:c-e  we  lum  both  the 
mold  and  the  cast  of  the  I  eternal  form  ;   the  mold  being  formed  of  sed- 
nd  the  cost  of  intil  These  are  alwnye  of  different 

mat  ';'.  either  id  chemical  composition  or  En  state  of 

aggregation.     In   c  we  have  a  moid  of  the  externa]  form  in  sediment, 
and  a  cast  of  rnai  form  in  the  Mime  material  with  an  empty 

space  between,  I'  exact  form  and  thickness  of  the  shell.    In 

Base,  the  already  dead  and  empty  shell  WSJ  Embedded  in  .sediment, 
mkirh  aluojillcd  it*  interior  :  afterward  the  shell  was  removed,  leaving 
an  ■  In  d  this  ei  .'.ice  was  snbeeojaentlj  SDed  by 

inftltratji'i;.     In     nora  and  river  deposits  of  the  present 
common  '  hell,  imbedded  in.  and  filled  with,  sand  or  mud.     In 

the  mor"  tertiary  rocks  shells  are  commonly  found  in  tin*  same 

Condi  >";  but  in  the  older  rocka  more  commonly  the  origt- 

bl  removed,  and  the  space  either  left  empty  or  tilled  by  infil- 
tration.   Cases  c  ami  <!  are  well  represented  by  Figs.  176, 1".  and  1 78. 
Casta  like  a  and  c  are  most  commonly  found  in  porous  rocks  like  sand- 
is 
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alone;  b  and  d,  especially  the  latter,  are  found   in  nil   kind.-  • 

Uy  fur  tlio  most  common  infiltration  fillings  are  carbonate  of  lime  and 

Often  we  tin. I  im  |.  re  •■;.  n.-  of  the  forms  of  SIH  of  the 

original  organism,  as  of  t-1  OP  the  feet  of  animals  walk* 


■  -     m 


P»o.  17»         •  Fit    i..      >i.  Nntiirnl  form;     Fiu.  lra.-Tricnm  l/insa.  rfiowniq 

6,  nataral  form.  A.  rut  of   Interior  iml  nor  iml  <4>oi 

mold  of  cxi-  nor  lln   ml.  rinr  of  ih< 

ing  on  the  soft  mud  of  the  flat  shores  of  ancient  bays.     Booh  tracks 
were  afterward  covered  up  with  liver  or  tidal  A  posit,  and  thus  pre- 
i.     On  cleaving  tho  rock  along  the  lamination-planes  we  have  on 
one  si<]e  a  mold  and  on  the  other  the  cast  of  the/no/. 

Batman   oaaei  1   and  %  every  stage  of  gradation  may  bo  traced. 
The  amount  of  <  -  a  general  fact,  rariee  with  t lie  ago  of 

rock ;  hut  is  still  mom  dependent  on  tho  kind  of  rock  and  the  degree 
of  metmuorphism.  In  an  impermeable  rock,  like  day,  the  changes  are 
in  mil  more  slow  1 1  porous  rock,  like  sandstone. 

Distribution  of  Fcssih  in  tht  Strata. 

The  nature  of  the  ban]  ipeciM  bund  In  rocks  Ea  detenninsd  paztb 
by  the  kind  of  rock,  partly  by  the  country  whew  the  rook  ia  fonnd, 

partly  by  the  qoj  <>f  the  rock. 

I.  Kind  of  Rock.— It  is  well  known  that  the  *poi  ic*  of  lower  maiUM 
animals  wary  with  the  depth.    Thej  also  vary  with  the  kind  of  bottom 
Thus,  along  shore-lines  and  on  sand-bottom  the  species  differ  ' 
those  in  deop  water  and  on  mud-tbottom.     shell.-,  are  found  mostly 
along  ihore»linea,  corals  in  opener  seas,  and  foramimfera  in  deep  seas. 
The  same  waa  true  in  every  previous  epoch.     We  might  expect,  tbi 
fore,  and  do  find,  that  the  lower  marine  fossils  of  R  -,  shales, 

and  limestones,  differ  even  when  these  strata  belong  to  the  same  conn- 
try  111  id   r'i-..  logical  epoch.      The  bighei   marine   annuals,  Mich    as  fishes, 

cuttle-fish,  ate,  nrimming  freely  in  the  sea,  are  more  in< 

bottoms,  and  we  find  their  akaletona and  shells  equally  in  nil  kinds  of 

strata.  I>und  animals  perish  on  land,  and  their  (skeletons  are  drifted 
into  bays,  river-deltaa,  and  lakes,  and   huried   there  mostly  in  f 
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i  it  deposits  of  sand  and  clay.    It  is,  therefore,  in 
suoh  strata  that  their  remain.-  are  commonly  found. 

2.  The  Country  where  found. — It    B  also  well   known   that   tht> 
faunas  l  of  different  countries  at  the  present   fctfflti.  differ  as 

to  species,  and  often  as  to  genera  ami  families;  the  difference  being 
•rally  in   proportion  to  the  differem  ■  mate,  the 

i ling,  and   the  length  of  time  during  which  the,  bar 
have  existed.     The  same  was  true  of  the  faunas  and  floras  of  previous 
rotors  of  the  fossils  « if  bits  mom  age  in  different  coun- 
tries.   The  fossil  species  of  the  same  epoch  in  America,  in  En 
and  in  Asia,  t  .1.  although  there  may  be  u  general 

rcsomblat ■■■ c     The  g  ■•■:  raphica)  diwei  il  in  the 

lowest  and  oldost  md  becon  iter  and  •  pass 

upward  into  newer  mid  newer  rocks,  and  is  greatest  in  the  bans,  nod 

*  of  the  present  day. 

8.  The  Age.-  Tb  Inces  the  rabjeet  of  I  of  distri- 

lon  of  organisms  in    tinrn,   or  •  if  fossil*   vertically  in  the  SBrSoi  of 
atra  ks.     The  subject  will  be  more  fully   treated   in   1'art  111, 

of  which  it  constitutes  the  principal  portion,    VI  bring  onl 

.eh  aa  in  necessary  as  u  basis  >«f  olassiftoation  of  itratiili 

(itoJ(Hfiail  Found  and  Flora, — As  wo  pass  from  the  oldest  and 

lowest  rocks  upward  to  the  newest  and  highest,  we  find  that  o0  the 

species,  most  of  the  genera,  and  many  of  the  fain  dies,  eliange  many  timet". 

species  of  animals  and  plants  inhabiting  the  earth  at 

be  fuuna  and  flora  of  that  geological  time.     Qeolof 

faunas,  therefore,  have  changed  many  times.     /  -cries 

<-f  rooks  the  change  from  one  fossil  faunn  or  QorB tOjBttOthsr SOOOeeding 

is  alwa*  •>,  the  species  of  the  later  fauna  or  flora  graduallj 

.  tin**}  of  the  earlier,     ltnt  between  two  fieri es  of  uucnii/orm- 

ttole  strata  the  ei  [an  nnd  complete — as  if  one  fnuna  and 

flora  had  been  suddenly  destroyed  and  another  Introduced.     It  must  lie 

sobered, however,  j  lonforniity  always  indii  vat  lapse 

i  at   tic  place  of  observation  by  strata  fir  fossils. 

It  i-  ire  probable  that  the  apj  of  the  obsnge  is 

only  the  remit  of  our  ignorance  of  the  fauna  and  flora  of  the  period  un- 

b,  as  unconformity  alwi  cates  changes 

,  and  therefore  of  climate,  it  is  probable  that  in 

lory  of  the  earth   there  wen-  periods  of  great  changes,  marked 

'unconformity  of  strata,  during  which  i  f  tp*d$$  irrrt  morn 

l,  separated  by  period*  of  ■  id.  marl 

daring  which    tho  species  were  oitber   iihrhnnyed.  or  ckanftd  sfairlg. 
|    riod  is  called  a  geological  period  or  geologic  .  and 

rocks  formed  daring  u  geological  period,  or  epoch,  a  called  a 
f amotion. 
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There ara,  therefore,  two  teats  <>f  n  formation  ami  a  corresj»onding 
geological  period,  viz..  i.  Conformity  of  the  strata  or  rock-sysimi,  and, 
si.  General  similarity  of  Eg  (mi     Then  era  also  iwo 

modes  of    ■  pUStlllg   formations  and   corresponding  periods,  viz.,  un- 
conformity oi  the  rnck>syst«m,  and  great  and  sudden  change  of 

-ystem.    A  geological  formati therefore)  may  be  defined  as  a 

group  of  eon  for  iii,'  continuing  similar  fossils,  usually  ecpsi . 

from  Other  similar  groups  containing  different  EOHill  by  unconformity 
A  geological  period  may  be  defined  as  a  period  of  BOmparsiive  I 
daring  wliii-h  the  physical  geography,  oUoutte,  Bad  fauna,  and  flora 
were  siil.-i.n.i  uill;,  ih.- name,  usually  .n-parat.-d  fn.m  other  similar  periods 
bj  oheagiH  ad  phyita]  geography  end  climate-,  which  resulted  in  cliangw 
of  fauna  end  flora.    Of  these  ta,  however,  the  lif<-systera  in 

Uy  considered  the  most  important)  and  in  case  of  disagreement 
must  control  classification. 

(J,)  Geological  Rmmmi  amd  Wit  nun  than  Owgrapfacai 

Fiiuiiii.s  mid  Flora*. — If  there  were  no  geographical  div.  ccies 

of  the  same  ago  would  be  identical  all    r.vr-r  the  earth,  and    I  berefOTB  it 
wnulil  1 10  easy  to  determine  strata  of  the  same  age  (geological  horizon). 
On  the  Othet  band,  if  geographical  diversity   in  any  age  were  as  y 
08  the  di'  etweeu  two    in.  n  it  would  seem  i»n- 

possible  to  establish  a  geological  horizon.      Kill  this  law  states  that  Um 
difference  between  two  successive  faunas  is  greater  than  between  two 
roitlii/rioirs  faunas.      In  other   words,  tlic  species  of  imfllfflUflJTO  pari 
or  fossils  of  successive  formations,  differ  from  each  othor  more  than 
species  of  the  same  period  or  fossils  of  the  same  formation  in  dillcrent 
pari !  >>f  id.-  I'.-irih      There  isa  genera:  similarity  in  the  species  of  the 
same  period  all  over  the  surface  of  the  earth-     lie.    '■•■  OOttpariaoa  Of 
fossils  it  is  possible  to  determine   what  strata.  In  different  portiona  of 
the  earth,   belong  to  the  same  period    (to  synchronize  strata).     The 
strata  nil  on  r  tin-  nirth,  which  were  formed  at  the  same  time,  are  said 
to  belong  to  the  same  geological  horizon.     Strata  of  the  tamo,  horizon 
are  determinable  hv  similarity  of  fossils  with   COMJderaMe  certainty, 
until  wc  conic  up  to  the  tertiary  rocks.      In  nil  the  newer  rock.-,  how- 
ever,  the  gBftgraphiflal  diversity  is  so  great  as  to  interfere  seriously  with 
the  ability  to  BJ  BOhJOnitO  by  moans  of  comparison  of  fossils, 
berefbre,  is  used  for  these  higher  nn  I.-. 
(c)  Increasing  Liktntft  I"   Existing  Forms. — Uy  examining 
comparing  fossils  from  the  lowest  to  the  highest  rocks,  it  has  been 
served  that  there  is  a  steady  approach  <>f  the  fossil  faunas  and  floras  to 
the  present  faunas  and  Bona,  first  in  the  families,  then  in  the  genera, 
and  finally  in  the  species.     The  species  of  fossil  molluscous  shells  begin 

to  be  identical  with  moUagooas  specie*  of  the  pre  only  in 

tertiary  rocks,  and  tin-  proportion  of  identical  species  Steadily  increases 
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re  pass  upward.  Tlui.-s  in  the  newer  rocks,  ju.st  where  the  other 
iiiutii.il  [comparison  of  fossil  faunas  with  one  another)  beglnj  to  fail, 
we  may  sjn<  .<  ol  i3 i if.-n -nr  localitiee,  l,v  oomparing  bheir 

i  fauna  with  tin-  shall  fiiiuui  of  tin-  pnaant  day,  in  the  same  locali- 
ties. Those  iirr  xavt  to  be  <f  th.  ■<■■,  Of*  Whit  h  per- 
centage af  shells  :■  Kith  those  of  t/u tpntent  faff.  To  this  we 
add  that,  if  not  species,  at  least  many  genera  ami  buailic  ,  espei  mII. 

among  n  ■ .-,  arc  ohaMStaristk  of  each  horizon  even  of  the  newest 

let. 

81  -CLAssini  anoa  tn  Bx&aiuud  Eta  i 

is  emeriti  torv.     Stratified   rock*  arc   the  leaves  on 

which  this  history  is  recorded.     The  fundamental  i>  ery  clas- 

sification is  therefore  ,  y*.     The  object  to  lie  attained  in  classi- 

fication is,  first,  to  arrange  all  rocks  in  ebfOUOtogice]  order,  so  that  the 
ii'  read  as  it  was  written  ;  anil  then,  second,  to  eoUflOt  them 
larger  and  smaller  groups,  called  1  WFltStfbnHatiotU,  DOT* 

■  ruling  t<i  the  great  rr<w,  periods,  epochs  of  the  earth's  history. 
ro  are  several  different  methods  of  determining  the  Mauve  age  of 
rocks: 

1.  Order  of  Superposition.— It  ia  evident,  from  the  manner  in  which 
rocks  are  formed — tu.,  bj  m — that  their  original 

indicates,  with  absolute  certainty,  tlieir  relative  age,  the  lower 
r.     If,  therefore,  the  original  podtioa  oJ 
series  of  strata  he  retained  or  not  very  greatly  disturbed]  and  we  have 
a  good  section,  rhe  rclativo  age  of  the  strata  which  compose  the  series 
may  be  easily  determined.     But  the  strata,  as  we  have  already  seen, 
many  cases  been  crashed  and  contorted  and  folded  in  the 
■  manner,  sometimes  even  turned  over;    they  have  also  been 
broken  and  sliji|>cd,and  largo  masses  carried  awuv  K\- •  r.v-i.in.and  often 
so  changed  by  heat  and  other  agents,  that  their  str.uni  ■■iimh  hi  nearly 
iteraled.     For  these  reasons  it  Is  often  Dealt  to 

te  relative  position,  and  thus  to  co  in  ideal  eeo- 

tion  i  series  of  rooks,  even  in  ■  single  locality.     Nev- 

ertheless, the  method  of  superposition  is  conclusive,  and  takes  prece- 
dence of  all  others  whenever  it  can  be  applied.     En  spite  of  all  theee 
i,  if  the  whole  geological  series  were  present  in  any  mm  lo- 
cality, it  would  be  comparatively  easy  to  construct  the  geological  chro- 

•ies  of  rocks  in  ant/  one.  locality  can  not  give  us  the  whole 
history  of  the  earth.  Since  sedimentation  only  takes  place  at  the  bot- 
tom of  m  -e  places  which  were  hind-surface*  during  any  geo- 
logical epoch  received  no  deposit,  and  therefore  the  strata  representing 
that  epoch  must  be  wanting  there.     Now,  as  there  have  been  frequent 
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of  hiud-stirfu         in  iioms  in  past  times,  similar  to 

those  taking  place  at  the  present   time,  we  find   that  in  every  known 
Local  ■  H  <  'i  there  Mi8t  many  and  great  gaps;  so  many  and  bo 

great  that  the  record  may  be  regarded  as  only  fragmentary.  Such  gaps 
arc  usually  indicated  by  unconformity.  It  It  tlie  task  of  the  geologist, 
bj  i  \triisivc  oompariaOE  i  !  rocks  in  all  countries,  to  fill  up  these  gaps, 
and  make  a  continuous  M8M8.  Tin-  leaves  of  the  book  of  7'iwe  are 
scattered  hiUtOf  ami  (hither  over  the  surface  of  the  earth,  and  it  i 
duty  of  the  geologist  to  gather  and  arrange  litem  according  to  tlmr 
I  aging.  TMa"  i<  done  bj  comparison  of  rocks  of  different  localities, 
v  their  lithological  character,  bat  principally  by  the  fossils 
which  thi  hi. 

.'.  Lithological  Character. — At  the  present  time,  in  our  seas  and 
lakes,  deposits  are  forming  composed  of  sand,  clay,  mml,  and  lime,  of 
j  kind,  in  different  localities.     The  «uin  in  pn  \i 

ous  epochs.     Sandstones,   limestones,  ami   date*,  not   differing  greatly 
from  those  funning  at  the  present  time,  except  in  de.irree  at  eunsulida- 
tion.  Iiave  been  formed  in  cw-ry  geological  period..     Lithological  char- 
acter, therefore  is  no  test  of  nge.     In  comparing  rocks  of  widoly-stpa- 
rateil  localities,  as.  for  example,  the  rocks  of  different  continent*,  dif- 
ference of  lithological  character  is  no  evidence  of  difference  of  age,  nor 
similarity  of  lithologioal  character  of  any   value  in  determining  a  geo- 
logical horizon.     Bnt,M  deposits  are  now   being  funned    uf   a   mi 
ehem  tor  mn-  OOnstderablA  areas,  so  also  we  lind  .strata  (the  deposits  of 
LOUSSpoohs),  continuous  and  unchanged  in  lithological  character, 
o'.ir  large  tract*  of  country.    Therefore,  in  contiguous  InnaHtiaa,  simi- 
larity of  litbo  mtrncter  becomes  a  very  valuable  means  of  iden- 
tifying 'Irn la.     If,  in  two  localities  not  too  widely  separated,  we  find  a 
similar  rock.  a.  <_r.,a  sandstone  of  similar  grain  and  color,  we  conclude  that 
probably  belong  to  the  same  age,  or  arc.  in  fact,  the  suinc  stratum. 
8<  Comparison  of  Fossils. — This  is  by  far  the  bent,  and  in  wi 
&  loeaHtfot  tot  only,  method  of  determining  the  age  of  rocks. 

The  principle  of  this  method  is  that  every  geological  epoi  h  has  its  own 
fauna  and  flora  with  many   characteristic   forms,  by  which  it   ma. 
identilied  everywh  |utc  of   id  it   d i tlcrcuces  which  result 

I  geographical  diversity;  and.  then-fur'-,  similarity  of  fossiU  shows 
similarity  of  age.  There  are,  however,  certain  limitations  to  the  appli- 
cation of  tin-  method  which  must  lie.  borne  in  mind: 

(«.)  The  lower  marine  species  are  much  affected  by  depths  and  bot- 
toms, and  therefore  we  should  expect   that  sandstone  fossils,  limestone 
fossils,  and  slate  fossils,  would  differ  in  species  even  in  the  same  epi 
Again. in  Ink.  ami  delta  deposil  tombed  epeoie*  would  probably 

be  entirely  different  from  those  of  marine  deposits.     We  must  be  care- 
ful, therefor.-,  to  compare  fossils  of  rooks  formed  undersimilar  conditions. 
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(o.)  Wo  mast  also  mukc  due  allowance  for  geographical  diversity. 
,  as  we  have  already  stated,  becomes  greater  and  greater  as  wo 
pass  up  the  series  "f  rn-ks.     In  the.  lower  or  older  rocks  the  geographi- 
cal diversity  is  small ;  in  strata  of  the  same  age  in  different  count  ii.  ■< 

fossil*  an  milar,  must  of  the  genera  and  many  of  the  sp< 

Wing  nadistinguiflbable.  It  is  therefore  comparatively  easy,  by  com- 
parison of  fossils,  to  synchronize  Hit*  strata  and  determine  the  geologi- 
cal  horizon.     In  I  1U  rocks  the  geogrnjilii'al  dh  greater, 

but  the  general  similarity  is  still  considerable — the  difference  between 
organisms  of  consecutive  epochs  (geological  faunas  and  floras)  is  still 
much  greater  than  the  differem  i-  hctnec  n  urgunisiiiBoi  the  same  epoch 
indifferent  ooturtriea  (geographical  hanaend  floras);  and.  then-fore. 
it  U  still  quite  possible,  by  comparison  of  fossils,  to  synchronize  the 
strata.  In  tin-  kig&tror  newer  rocks  the  geographic wi  diversity  has 
bocome  so  great  thai  wo  are  compelled  to  determine  age  and  synchronise 
strata,no  longer  entirely  by  comparison  of  fossil*  of  the  different  localities 
mith  nick  other,  hut  also  by  the  OUUUWUOD  of  ti  Of  each  local- 

ity  with  tlie  living  species  in  the  same  locality.     In  these  rocks  we  may 
also  determine  relative  ngc  by  relative  percentage  of  lhing  species,  and 
kilarity  of  age  (geological  horizon)  by  -imilanty  of  thk  percentage. 
Manner  of  const rooting  a  Geological  Chronology.— The  manner  in 
whi>  "gical  chronology  has  actually  grown  up,  under  the  com- 

labora  of  the  goologista  of  all  conntriea,  may  he  bri  d  as 

follows:  First,  the  order  of  mptrposituntf  and  therefore  the  rail 
age*  of  the  strata  composing  the  rock-series  of  many  different    mum 

ined  independently;  next,  by  comparison  of  these,  partly 
>l  character^  if  the  localities  are  contiguous,  and  partly  by 
eologiBt  determines  those  which  are  synchronous  and  tl 
which  are   wanting 

in     each     li  * ■ — — == 

Thus,  out  of  soTeral 

'i,  he  con- 
ideal    series. 
In  case  of  doubt,  he 
strives  to  find  < 

re  the  doubtful 
strata  come  togeth- 
er, and  observe*  their  rrlalii;  position.     In  Fig.  179,  A  and  B  rcp- 
it  two  contiguous  localities  in  which  by  independents:  rela- 

pnsitioruc  and  ages  of  G  and  7  strata  respectively  have  been  deter- 
ineid.     By  comparison,  the  rooks  of  the  two  series  are  found  to  con- 
n  strata  of  different  ages,  some  being  wanting  in  the  one 
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and  some  in  tin-  other  locality,     The  figure  represent*  the  strata  ascon- 

mI  ;m<i  traceable  from  ma-  I. reality  to  tin-  ether,  Lut  tbo  LBb 
portions  between  A  and  B  may  be  removed  bj  erosion. a*  shown  by  flu 
dotted  line,  or  coveted  With  water.     In  .such  case,  the  actual  overlap- 
g  can  not  bo  observed,  if  it  ever  existed,  but  the  comparison  in  oUu  si 
respects  is  the  mne>    En  eidebj^eepemtci  !■  »<-:ii :  im  the  com- 

parison can  only  be  m  neans  of  fosafla.     Tims  us  bhe  • 

tiouof  the  earth's  UUJtM  progresses,  with  every  new  country  cxanc 
BO1B0  gape  are  Idled  up,  and  the  series  becomes  more  jierfect.      Many 

in  still  remain  unfilled.  The  series  will  continue  to  be  made  d 
perfect,  and  the  chronology  more  complete,  until  the  geological  ex; 
nation  of  th<  rfoce  is  finished. 

The  second  ohjei  I   tu  In-  attained  DJ  fthllffffH D  i -  t ! n -  < I : .  i - "? .  ■  i    icul 

subdivision  of  the  whole  scries  into  larger  and   smaller  grOO] 
pondi&g  tu  tli-.-  eras,  periods,  and  epochs  of  time. 

The  following  la  an  outline  of  the  classification  of  Dana,  b1. 
modified.     Except  in  the  uppermost  part  it  is  carried  only  as  far  an 
periods  : 


Sua 

Aam. 

TruoM. 

Spomh. 

0.  Paychoeole. 

7.  Age  of  Mun. 

Ilnraui,                       23 

Recent. 

4.  Cenozuic. 

*.  The   Ape  of   Mam- 
mals. 

Quaternary,                11 

Tertiary.                    21 

(  Ten 

-  1  TiatiifiUln. 
/  GlieUL 
I  PUoobml 

<  Miuorae. 

8.  Mmoxhc 

6.  The    Age    of    Kep- 

tfhs, 

I  Cretaeooua,               SO 
J.  Jurassic,                     IV 
/  Triamiic-,                      18 

|  '    r/.nnijcrw*  Ag*.   f 

4.  The  Arc  of  Aero- J 
gen*    and    Am-  "| 

|ihiliiin«. 

j  Permian,                     17 

r.iiiKinikTomi,          16 

(  Sub-car bonifvroua,    1 5 

4.  PaliKiioie. 

Drromn*. 

8.  Tho  Age  of  Fishe*. 

fCatakill,                    14 

rinniuiiL',                IS  [ 
i  Ilamilion.                  12 
Oornlferous,              1 1 
Orisltany,                  10 

Silurian. 
t.  The  Age  of  Inverte- 
brates. 

f  Helderberg,               V 

Salina,                            H 

Ninpini.                        1 

\  Trenton,                      o 

Canadian,                    6 

I'nl-ilmii,                               4 

Acadian,                     8 

1.  Arcliiran,  or 
Eozoic. 

1.  Archaean. 

J  I  hi  miliar,                     2 
|  Laurention,                 1 
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A*  aw   1  ady  stated,  tho  gaps  in  the  series  are  usually  indi- 

cated by  unconformity.     Now,  rinoe  unconformity  ahmya  india 

movement*  of  the  crust,  change*  of  H bUhm  of  sea  and  land, 

changes  of  climate,  and  ocnaeqnant  changes  in  At  Banna  and  flora, 
tbcsc  papa  murk  ti:c  iini<  s  of  great  revolutions  in  the  garth' 
and  are  i  natural  bo  oJ  I  be  eras,  periods,  etc.    The 

whole  rook-aerice,  tharefon  .  :  led,  by  meant  of  unconformity  ami 

the  character  of  the  fossils,  into  larger  groups  called  systems^  and  i 
again  into  smaller  groups  Called  MfUK  and  format  iuu.s.  Tho  largest 
groups  are  founded  upon  universal,  or  almost  universal,  unconformity, 
and  a  consequent  very  great  difference  En  character  of  organisms,  the 
smaller  groups  are  founded  upon  a  less  general  unconformity  and  lata 
difference  in  charactor  of  the  organisms.  Corresponding  with  the  gnat 
divisions  and  subdivision*  of  the  ru<  •'  i  aro  tho  eras,  ages, period*, 

and  the  history.    Tho  several  tanm  expressing  the  •  1 L ■•  i - i < . n s 

and  aobd  •  both  of  the  rorks  and  of  tho  history,  tmxada 

natcK  ok  I  in  a  looaa  ui.mner.    We  will  try  bo  an  Ehem  In  1I"1  nanner 
indicated.     It  will  be  observed  Hud  the  i  an  founded  upon  [a) 

nnconformity,  ami  (A)  change  in  fossils.     These  generally  aOOOmpany 
each  other,  since  they  arc  produced  by  tho  same  cause,  viz.,  change  of 
lical  geography.     In  sunn-  localities,  bowevexj  they  may  ho  in  dis- 
lance.     In  this  case,  the  ohange  of  fossils  is  con.ddiTrd  the  more 
important,  and  controls  classification. 


h- 
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U.VSTHA  TtnSD   oil  JOSMOUB  ROCKS. 

Characteristics. — The  u  unratified  arc  distinguished  from  thestroti- 

ti.-d  .  by  tlio  absence  of  true  stratification — i.  e.,  lamination  of 

sorted  material*;  b,  bj  of  fossils;  c,  by  n  more  or  less  crystal- 

's a  glassy  structure;  and,  <(,  by  their  mode  of  viccurrence  ex- 
plained below. 

General  Origin. — They  bate  consolidated  from  a  fused  or  somi-f used 
1  are,  therefore,  called  igmow  rock-t.    This  origin  is 
shown  by  their  -  006  in  dikes  and  tortuous 

by  their  effeota  on  Btratiftod  rocks  with  which  they  come  in  con- 
tact; and  by  their  resemblance  in  many  cases  to  modern  lavas.  The 
question  of  their  probable  mode  of  origin  will  be  more  specim-alU 
treated  after  the  d  on  of  tluir  kinds. 

Mode  of  Occurrence. — Igneous  n  or,  a,  underlying  the  strata, 

and  forming  the  great  mass  of  the  earth's  interior;  a't  forming  the 


202 


r.NSTRATIFIKI)   OH   HiNEOUS  ROCKS. 


axes  and  peaks  of  ncurly  nil  great  mountain-ranges;  W,  in  vertical  or 
Beady    •,,  i:ir:ii    .,-hocts,   filling  groat  fissures  in  stratified   or  in.  other 

ota  rooks;  r,  in  extensive  horizontal  shoots  overling  the  strati 
oonntry  rock,  us  if  outpoured  on  the  surface;  r',  lying  conformably 
betwooa  strata,  as  if  forced  in  a  melted  condition  between  them,  or  else 


*»»• 
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Kro.  1MI.—  tll«gr»«n  gliowlnR  Mode  of  Occurrence  of  Itfucooa  Uuclu. 

out  pi  .u  r< ■■!  00  t  In-  bfld  of  the  sea  and  afterward  covered  with  aadfau 
Midi  (I.  in  tortuous  veins  aonnooied  with  the  great  underlying  masses. 
All   tins.,  positions  are  illustrated  in  Fig.  180.     In  all  these  modes  of 
i.r.ui  i.iii  i'  tin-  observed  rock  is  connected  with  an  underlying  mass, 
of  wliiih  ||  (fl  'out  mi  extension. 

Extent  on  the  Surface-— The  appearance  of  these  rooks  on  the  sur- 
(tooc  i-:  tax  Ian  extensive  limn  that  of  the  stratified  rocli  ,    I  ertainly 
in ii   i  in  hi-  than  one  tenth  of  the  linid-Mii-fai'.'  i-  lomposedoi  them. 
Hut,  beneath.  tlir>  are  rappoeed  to  constitute  the  greet  mass  of 
earth. 

Classification  of  Igneous  Rocks. — Igneons  rooks  are  best  class 
not  by  means  of  thair  relative  ages,  but  partly  bj  their  mineraJogioal 
r  and  partly  by  their  mode  of  ocenrn  i  this  method 

tli.vnK.st  niitiirally  full  into  two  primary  groap u/.,  iio-  Plutonic 

i>r  massive,  and  the  volrmiir,  or  true  eruptive  rocks.  The  rocks  of  ilo- 
find  group  occur  in  great  masses ;  those  of  I  1  group 

into  fissures  or  outpoured  on  the  surface.  The  former  aro  rn/irWy 
talline  (holo-cr\>Uillttte),  and  usually  very  coorxe-gr ■aim  A  (macro* 
talline)  ;   the  latter  are  DaoaUyjftMr  grained  (mil  i  l-.ru- ),  or 

iiiiljerf'ctlu  crystalline  (or  talline),  i 

glassy.    The  former  seem  to  have  solidified   in  silt*  (indi  the 

latter  have  been  evidently  displaced  form  their  original  position  (exot- 
i. •).  The  two  groups,  however,  pass  by  insensible  gradations  into  each 
other,  so  that  the  distinction  is  more  or  less  artificial,  and  tho  same 
rock  may  sometimes  be  found  in  both  groups. 
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1.  — PlATOM'      I  US. 

General  Appearance. — The  rooks  of  this  jjroup  arc  characteriznl  In 
a  coam  .  ot  speckled  sppean-Doa,  arising  from  the 

fact  that  they  are  composed  of  an  aggregation  of  distinct  crystals  of 
I  colors  and  of  considerable  rise  i  macro-crystalline);  ami,  what 
M-.ich  more  important,  the  rock  is  usually  vfioily  made  up  of  ait  atj- 
yrngn/iim  of  »ur!,  >,  without,  any  paste  or  ground-mass,  ciiln  i 

amorphous  or  glassy,  between  them. 

The  consliti'  ■  >ii]'  arc  mainly  quartz,  feldspar, 

.  ami  hornblende.     In  th«<  Bpeokled  mass  tiae  opaque,  white,  or  red- 

dlsh  m  greenish  crystals  with  glistening  surface  are  feldspar,  the  trans* 

parent  bluish  glassy  spots  arc  quurtz,  nnd  the  bluck  specks  an  usually 

ode.    The  mica  can  be  easily  detected  ■  gKsjfantns;  scales  of 

tmrioni  shadi 

Principal  Kinds — Granite. — This  rock,  whiot)  may  Ik*  regarded  ■ 
I  ]  pa  of  the  group,  <'onsiBts  of  quartz,  feldspar,  and  mica,  or  else  of 

i  with  horn-  t  B 

|i        S<  metimi  -    the 

rnblende  are 

.  and    the  quartz 

i  the  form  of  bent 

plates  imbedded  in  feM- 

s|iar,    w»    that    on    cross* 
icy  look  like  He- 
brew or  Arabic  characters  K'"  ""'    u™vhlc  on*u«:  a.crew-Mctiuii;  u,  kmgt— Ita. 

■1  lecuon. 

(Fit-  and  ft).  The 

rock  is  then  called  graphic  grunite.  or  prfimn/ite.     Bometinui  Ulf  Md- 

spar  is  Lna  large,  wtll-fonned  crystals  in  a  finer  but  still  crystalline 

BUM:    then  it  is  called  parphyr\tlc  granite.      Sometimes  all 

mall, and  the  mass  is  evenly  granular;  then  it  isoalled 

eurite,  or  granidite. 

Syenite. — Knglish  and  many  American  writer*  on  thfa  term  to 

designate  a  granitic*  rock  in  which  mice  Is  tepli  hornblende; 

I'lendc  and  mica  are  present,  they  use  I  he  term 

tjfM  ite.     Kut  on  the  Continent  of  Enrops  the  term  syenite  is 

applied    to  a  roc1  ting  essentially    of  feldspar  and  hornbh 

D  addition,  quarts  is  present  (English  syenite),  they  call 
the  rork  quarti-xyrmf,      The  general  aspect  "f  the  rock  is  similar  to 

In  the  rocks  thus  far  mentioned  the  feld.spar  is  an  orlfiir.  or  pot- 
(ortkodast)  -i.  e.,  is  a  double  silicate  of  alumina  and 
i-h. 
Diorite.— This  is  a  dark,  speckled,  grccnish-gray  rock,  consisting  of 
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line  aggregate  of  clinic  or  satin-lime  feldspar  {ph'y  and 

nikntk;   and,  therefore,  differs  btnn       rail     oi 
only  in  the  fofm  of  the  f«-l-i.-  j-mr — viz.,  plagioclase  instead  of  orthotlaec, 

\\  in  ii  quarts  is  prasest  H  is<  ailed  quaru-dii.iiii-. 

Diabase. — This  is  a  dark,  greenish  crystalline    rock,   usually   lim- 
graincd,  but  sometimes  granitoid,  somewhat  similar  in  appearam 
diorite,  bnt  differing  in  the  Cut  that,  augiti  replaces  hornblendei    It 
also  often  contains  olivin,     Oaibro  h  n  granitoid  variety  of  diabase,  in 
which  tin  takes  the  form  of  diallage. 

We  bare   elected  these  as  good  type*  of  the  groups ;  bat  they  merge 
liiemsililj  Into  each  other* giving  rise  to  many  varieties,  for  the 
sorrption  of  which  we  must  refar  the  readier  b  on 

luhnlogy. 

Diorite  and  diabase  are  so  frequently  intrusive  and  fine-grained 
that  they  are  often  treated  in  an  intermediate  or  even  in  the  second 
group;  but  they  also  often  occur  massive. 

Two  Sub-Groupa— Acidic  and  Basic— Quartz  is  pure  afilaak 
Frlih-pir  U  a  silicate  oi  ■lumina  and  alkali,  with  excess  of  silica — i.e., 
U)  add  riUcatt  Of  these  bases.     In  orthncluse  the  ulkuli  tfl  potash;  iii 
phgfoi  lase,  soda  and  lime.     Moreover,  the  formor  is  more  acid  than 
tin-  latter.    Hornblende  and  angite  are  batfe  silicates  of  somewhat 

similar  composition.     Angite  i*   ixentiaUv  a  silicate  of   n  ■mil 

ir-iii;  while,  in  hornblende,  alumina  and  lime  replace  ,1  pi  rtion  of  the 
magnesia.     Remembering,  further,  that  quartz  and  feldspar  are  light  - 
colored  minerals,  with   specific   gravity  of  about    :.''..  while  an 
hornblende  arc  usually  hlin  k  mint  mla,  with  specific  gravity  of  3  to 
it  is  plain  that  tail  group  of  rocks  may  be  divided  into  two  sub-group-, 
(Uldte  md  Boifa,  often  recognizable   to  the  eye.     In  the  one  there  is  u 
predominance  of  quartz  and   feldspar,  in   the  other  of  hornblende  or 
augite.     Also,  in  the  one  the  feldspar  is  orthoclasc,  111  the  other   plagi- 
oclase.     The  one  is  light  colored,  of  less  specific  gravity,  and  mow 
difficultly  fusible;  the  other  darker  colored,  heavier,  and  more  OS 
fusible.     Granite  is  the  best  type  of  the  one:  diorite.  and  especially 
diabase  or  gabbro,  of  the  other.     Syenite  is  hit  .     The  per- 

centage of  silica,  both  free  and  comt lined,  in  granite  is 69  to  M.  ami 
the  -peciiir  gravity   "Mi  to  fry.     The  silica  percentage  in  diabase  i 
to  •'•'!,  and  the  specific  gravity  -.'  7  bo  <•■;>  (Von  Cottai. 

Mode  of  Occurrence.— '  I  Hi.'   Platonics,  especially  of  the  gr* 
////"•,  such  as  granite  and  syenite, ooonr:  I.  In  large  masses,  forming 
tin    axes  of  great  mounUun-ranges,  such  as  the  Sierra  and  Colorado 
ranges  (Fig.  IK'-.',  .1);  or,  'i.  In  rounded  masses,  appearing  in  the  midst 
of  stratified  rooks  like  Islands  in  the  midst  of  the  sea  (Fig.  182,  /"i . 
B.  Sometimes  in  tortuous,  larlj  branching  reins,  extending 

a  little  way  from  the  great  masses  into  the  overlying  stratified  rocks,  as 
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■     ,.(.■: - -nn-  cf  siipsafaOUttlbsnJ  might  into  small  mi  I 
Utter   (!  I.  and   Fig.  183,  . I   nnd    //).      Hut  rock* 

i>f  more  beats  type,  snob  us 

d  diabase,  probably 

nn  loooonl  '-f  neater  fusil  nl- 

in:  not  "iily  u  Ptaton- 

f-«rm,  but  a]so 

ii  dikes  end  tn- 

.  like  true   rol« 

The  rooks  of  the  l'h: 

at   era   never    found   in 

connection  with  scoria'.,  glass,  ashes,  or  other  rapid    i»>ling 

•ntact  with  air.     They  have  never  boon  erupted  on  tho  surface. 

.  mul  have  »<■:,  thmllf    MUfar  jMWSWM   in  great 
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nuuees  and  at  great  depth*.      Bimot,  irhm  we  find  them  at  the,  surface, 
thtg  have  b*  /  txt*n*ir«  irwfai,     They  are  either  fused 

jnasses  soliditicii  without  eruption  (a),  or  they  are  tho  solidified  reser- 
voirs ('/,  Fig.  180)  from  which  eruptions  have  come.     In  either,  case, 
bra  themielvei  been  cooled  at  groat  da] 

lnt$rpttdiatt  K  Ha. 

Between  the  undoubted  Platonics,  Already  described,  and  tho  un- 
,  to  bo  taken  op  hereafter,  there  is  an  intermediate 
rooks,  which  are  sometimes  placed  in  one  group,  sometime 
.  and  sometimes  in  :i  separate  group,  co-ordinate  with  the  other 
two.  and  called  !>■  ■■■■  rock*.    They  occur  mostly  in 

r  anil  middle  rocks  in  the  form  of  dikes,  filling  great  fiseuree  inter- 
acting, or  as  intercalary  beds  between,  the  strata.     If  Plntondei 
in  great  masses  beneath  the  strata,  and  volcanica  are  outpoured  masse* 
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the  strata,  tin.-..   exisJ    mostly  as  masses  intruded  among   the 
strata.     Again,  if  Phlhnioaut   the  great  reservoirs  ami  vulcanic*  the 

ant] "Oil  liquid,  the  intrusive*  are  the  fillings  of  the  conduit* 

Erosion   has  BUbseqacntlj   earned   :iwu\    t lit-   01  criloweil    jx»r;  ■ 
exposed  the  conduits  H  dill 

Kinds. — In   the   acidic    griHijt.s.  perhaps  the   moat  typical  is/ 

This  rock   is  a  very  compact,  Itae-gmined  aggregate  of  oos 

oelasa,  ami  therefore  light*oolored.    i  heroically  ii  has  tin-  hbbi 
i-iinijKi  iiicni  as  granite,  ami  nuneralogioally it differs only  in  the  fine* 
ness  of  texture  and  in  the  absence  of  mica.    When  tin  (elntte:  rocfe 
contains  imiii .'dili-d  in  the  tin  -L'ninod  mass,  large,  well-formed  en  ■ 
of  feldspar,  then  it  is  called  porvhvHi*.    If  qoarti-cry  also 

diatanotlj   vidblo,  then  ll  [i  called  guarta-porphgryt  or  ahamita,  a 

mottled    rock   often   mistaken   for   »ranite.     The 

often    applied   to  any  rook   iii   I -liieli   ili.iimt  crystals  are  visible  m  > 

liin  r  ground  nwm     Tims,  we  hnve  porphyritic  granite,  porpbj 
diorite,  etc.    The  porphyritic  itracttUN  b  probably  formed  thus : 

fused  niiieina  lirwt  OOOled  slowly  until  the  large  crystals  separated  :  Slid 
then  was  injected  into  the  fissure  and  the  solidification  completed. 
Intni.-iw!   rock."  of   the   basic  Hub-group    are  tiMiiilly  called   6 
atones  or  h a )>*.    This  term,  tla-refore,  includes  intensive  diorUas,  dis> 

bases,  apbunites,  mclitpliyr*,  etc.     The.se  differ  from  the  massive  rocks 
of  the  saiiie  composition  only  I •  v  being  finer  grained  :   Imt  the  >.u 
true  also  of  felsitos  as  compared  with  granites.    The  difference  U  | 
ably  wholly  due   to  rale  of  cooling.     The  same  fused   mass  which,  if 
cooled  .-lowly,  forms  granite,  if  injected  into  lis.siires  and   cooled    mora 

rapidly,  would  form  fci-u -  qnarts-porphyrite.    The  difference  be- 
tween massive  and  intrn-iv.   dioi-iirs  :>  douhtle-s  due  to  the  game  en 


II.— Volcanic  or  Ekcptxyb  Rocxs> 

Texture  and  Appearance.— The  rocks  of  this  group  arc  usually 
IMajBtalline,  or  even    ervji  ..line,  and   ihereforc  in  u p pear- 

am  <•  arc  either  minutely  -peek-led  or  evenly  grayish,  of  various  shades, 
r.nt  the  mod  important  oharaon  ristic  is,  that  they  are  not  vholl]  i 
tal line, but  consist  either  of  orystels  imbedded  in  an  amorphous  or 
glassy  pasta,  or  else  are  wholly  amorphous  or  glassy.    This  textarc 

shows  that,  as  compared  with  the  rooks  of   tin-  other  groups,  they  hate 

cooled  i/i'i'l/tf,  for.  on  account  of  the  extreme  viscosity  of  fused 

eaten  (glass),  comph  tc  crystallization  can  take  place  only  by  very 
cooling. 

Physical  Conditions.— All  the  physical  conditions  ribed 

(p.  M.)  as  characteristic  of  recent  lavas,  vis.,  the  atony,  the  glMfjf,  the 

-.  ad  Che  tu/ataou*  conditions,  are  found  abundantly  in 

more  typical  rcpresentationa  of  this  gronpi 
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Mineral  Composition  and  Sub-Groups. — The  moft  striking  differences 

betv.  •  d  LhJ  land  r  groups  are  found  in  their  i 

ure  and  n;iii !  e.     Miiimilogically  the  rocks  of  this  group 

consist  essentially  of  eomo  torn  of  Mdfpar(  with  hornblende  of  anj 
Free  qoarta  and  m ion,  though  Boraotimcs  present,  especially  the  form  r, 
are  neither  necessary  nor  common.  These  also,  like  thoM  of  the  other 
rided  Into  iWO  iBb-groups,  avid  ic  m  id  basic.  In  tin: 
one  there  is  a predominance  "f  orthic  feldspar  (auidin) ;  in  tho  other, 
«>f  either  h<  rnblende  or  augite  end  olink  feldspar  |  ise).    In 

tana  to!  ■•<.  ■nidin  takes  the  plaoe  »f  orthoola  i 

r,  belong  to  the  same  group  (orthoobM 
ire  equally  acidic,  and  therefore  have  the  eame  ■ignifloanoo  in 

■•logy.     The  two  snb-gronpa  arc,  t li«-r.-f.«rf,  characterized  t >v   color, 

specific  gravity,  and  fusibility,  n  abroad]  explained  (p.  SOI),  and,  with 

aonv  distinguished  in  the    lidd  :   though   in 

many  cases  a  pie  or  chemical  azanuDatloa  is  neoeaary.     Die 

silica  [•croentago  t»f  the  extreme  aoidSe  type  (rhyolite)  is  70  l>>  m.  :ind 
spec:  v  8*3  to  IM  ;  of  the  esteems,  boido  (basalt)  the  silica  | 

•igo  is  40  tu  66,  and  ipeaific  gravitry  H  to  J«L  Tin  following 
schedule  gives  the  oaoel  oommoa  and  characteristic  kinds  nndarthe 
two  sub-groups: 


▼OLCAKtC  ROCKS, 

acidic. 

BASIC. 

f  Rhv 
J  LI  (tori  u\ 
1MB.  1  mdiyte. 
Pbo« 

GImi*      (  IJjrhnwloiwd  «©ri». 

Andcaite. 
PropyUu 

tttat'k  unorin. 
TtchyUte. 

Principal  Kinds.     I  n  I  be  acid  ic  gronp  the  commonest  and  best  type 
/.".    This  is  usually  ;.  lighi  ool  k,  with  ■  peculiar  and 

very  abai  ic   rough   feel,  due   to  roiorosooplc  vrsirularity.     It 

consists  essentially  of  a  ground-mass  of  or;lii<    '<  nl  i  u      ;r  idin)  mid 
ling  crystals  of  the  for 
'.<■■  bur  in  composition  to  trachyte,  but  contains  a  I 
entaga  of  silica,  and  is  very  different  in  general  appearance.     It 
consists  of  a  flue.  us  grown 

crystals  of  sanii  n   of  quarts.      Winn  tl  BOO- 

apicnons,  so  that  the  rock  has  a  porphyritic  appearance,  it  is  called 
kprtritr.     In  some  cases  it  may  have  even  a  granitoid  appeal M100,  mid 
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in  then  called  tu.ratlitf.     Such  granitoid  rhvoliie  may  be  easily  distin- 
-ni.-iicil  hum  rrin-  gnmita  \>\   the  prr-i  nee  af  the  gkttBJ   pMtft 

Phtnotite  ii  ■  Ugtat*gnyiab  oiypto-crrattllini  t"<- 1 >i -} >.*tlaio  rock, 
breaking  or  jointing  in  varj  charactcri.*tic  thin  tits-like  elabe, vhiea 

ring  under  the  hammer  (hence  tiic  name ).     It  consists  mainly  <>\  nr:  h; 
feldspar  (SADldin  ;n  lin). 

In   the  basic  sub-group  the  most  common  and  typical 
This  is  a  very  dark,  almost  black,  crypt  u-crvsUilliiie  ruck,  breaking 
iMlh  a  dull,  COHchoida]  fracture,  and  consisting  essentially   nf  in 
100]                      -,ilagioolasc,augite,ani;  n  a  glassy  ground-ma* 

of  the  lame,                 ite  isalso  usually  an  abundant  con*ti;m ini     IM- 
rn'/e  1ms  a  somewhat  similar  o  mi,  bat  lacks  tin.-  o  id  is 

more  crystalline  in  structure,  and  therefore  dark-grayish  in  a).; 
i  a  dark-grayish    rook,! Mating  aasentialty  of  plaginclaar, 

with  hornblende  or  augite.    Ii  is  somewhat  similar  in  color  to  dolerita, 

but  is  cnpto-cnstalline,  like  basalt,  ami   often   roughieh  to  the  fcl. 

like  trachyte,    it  has,  tharefon,  been  waetunea  called  trachj-doli 

All  the  rocks  of  both  these  sub-group.-,  but  especially  the  more 
typii-al,  have  their  scoriaceoua  and  glassy  Yarn-ties.  These  «re  the 
pumices  and  light-colored  scoria;  and  obsidians  on  the  one  hand,  and 
the  black  scoria  and  Utehylite  On  the  ether. 

The  following  tabic  is  a  condensed  statement  of  the  comix 
of  the  principal  kinds  in  both  primary  groups,  including  also  ID 
The  sign  x  x  indicate!  eryeteJa  s 


IQHEOOa  BOCKS, 


iam 


ShyiiUte.  /■■>■.':  /'-.               f'" 

Vltrcmn  >  llniiii.                  Vltrraos 

erountl-mBA).  ground  -maw.        (rroond-mtM. 

+  +                            + 

iSST*!  JOrthoetaM  .        |H.,„!,lln. 


Micro  «  »  froaad-miB*.  FtJtitt. 
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Modes  of  Eruption.— Tin- iv  have  l»eon  in  geological  time*  two  gen- 

oral  model    l"  eruption.     In  the  one  the  lava-  have  come  up  through 
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great  fissures  formed  by  crust-movements  and  spread  out  as  extensive 
sheets  ;  in  the  other  they  have  come  up  throngh  chimneys  and  run  off 
as  streams.  The  one  may  be  called  fissure-eruption,  the  other  crater- 
eruption  or  volcanoes  proper.  The  one  gives  rise  to  extensive  lava- 
fields,  the  other  to  lava-cones.  The  force  of  eruption  in  the  one  case 
is  probably  either  the  same  as  that  which  makes  mountains — i.  e.,  the 
lava  is  squeezed  out  by  interior  contraction  of  the  earth,  or  else,  in 
some  cases  it  may  be  hydrostatic — i.  e.,  a  welling  out  of  a  lighter  liquid 
by  the  sinking  of  a  heavier  crust  within  it ;  the  force,  in  the  other  case, 
is  evidently  the  pressure  of  elastic  gases,  especially  steam,  as  already 
explained  (p.  97).  We  owe  this  distinction  mainly  to  Richthofen,  but 
it  is  now  universally  adopted  in  this  country  and  quite  generally  in 
Europe.  According  to  Richthofen,  primary  eruptions  come  always 
through  great  fissures  and  only  at  great  intervals  of  time;  afterward, 
surface-waters  percolating  through  these  fissure-erupted  masses,  still 
liquid  within,  give  rise  to  secondary  eruptions  through  craters.  We 
have  no  examples  of  fissure-eruptions  taking  place  at  the  present  time, 
and  therefore,  in  treating  of  igneous  agencies  in  Part  I,  we  spoke  only 
of  crater-eruptions.  But  it  is  impossible  to  explain  the  mode  of  occur-  « 
rence  of  eruptives  in  the  older  rocks  unless  we  admit  eruptions  in  early 
geological  times  of  a  different  kind  from  those  occurring  now  in  vol- 
canoes. 

Modes  of  Occurrence. — What  we  say  under  this  head  refers  mainly 
to  fissure-eruptions.  True  eruptive  rocks  occur:  1.  As  extensive 
vertical  sheets  filling  great  fissures  which  by  subsequent  erosion  out- 
crop as  great  dikes,  or  else  filling  smaller  radiating  volcanic  fissures 
as  radiating  volcanic  dikes;  2.  As  sheets  between  the  strata  (interca- 
lary beds)  as  if  forced  between  the  separated  strata,  or  else  outpoured 
on  the  bed  of  sea  or  lake,  and  again  covered  with  sediments;  3.  Out- 
poured on  the  land-surface  as  sheets  or  streams ;  and,  4.  In  the  form  of 
great  dome-like  masses  on  the  surface  or  between  the  strata. 

Dikes. — The  fillings  of  great  fissures  outcropping  on  land-surfaces 
are  called  dikes.  They  are  very  abundant  in  all  the  older  stratified 
rocks,  especially  in  mountain-re- 
gions. They  vary  in  thickness 
from  a  few  inches  to  fifty  or  one 
hundred  feet ;  they  may  be  traced 
over  the  country  sometimes  for 
many  miles,  even  fifty  or  one 
hundred,  and  extend  downward 
to  great  but  unknown  depths. 
Such  dikes,  outcropping  over  the  face  of  the  country,  may  be  the  ex- 
posed roots  of  ancient  overflows  which  have  been  removed  by  subse- 
quent erosion  (Fig.  180,  b) ;  or  they  may  be  fillings  of  fissures  which 
14 
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rxsTR.viJKiF.n  on  ir.xF.org  rocks. 


never  reached  the  surface  (Fig.  180,  I').     In  either  MM  they  arc 
evidence  uf  iaii marts  riosion.     Soiiu't inn  s    ihc  outcropping  (like  has 
rttilted  erosion  more  than  the  inclosing  country  rock,  and  the  dike  is 
li'fl  standing  like  a  tow,  ruined  wall  running  over  tin-  Cbi  .'Olin- 

try  (Fig.  1*4,  (/);  Btofhtl  ttum  tin-  rmintry  rook  Ikij-  n-i-".d  more 
ill, ii.  tin:  Hike,  and  tin-  pliM  "f  tin-  dfloa  ii  marked  by  a  slight  depm- 
M-ai,  like  aihsllow  (lij.ii,  or  moat  (Fig.  1  si,  / 1 

Effect  of  Dikes  on  the  Intersected  Strata.— Tin ista  mi r  forming  tfcs 

hounding  walls  od  ;i  dik>\  or  with  which  igneous  rod 
in  any  way,  are  almost  always  greatly  changed  by  the  intense  heat  of 
l  ho  fused  mat  tar.     Uum  tones  and  chalk  are  clianged  into  crystalline 
marble;  oky  is  baked  into  pureelaiu-jasper,  or  even  ohanged  Ink 

•u re  sandstones  are  changed    [ntu  a  .-p.-.-klrd  rock  rv 
bling  gxiejttj  seems  o£  bituminous  Ma]  are  changed  into  anthnu 
or  MmetimM  into  ooka.     In  all  canon  the  original  stratification  aii 
contained  fossils  are  more  or  leMcoinpleieh  yed.    These  affmsi 

extend  sometimes  only  a  few  foot,  sometimes  many  yards,  froi. 
dike. 
0       Lava-Sheets.— Dikes  outcropping  on  the   face  of  the  country,  as 
already  described,  are  douM !<•-.->  in    many  ..a.-.'.-  th, 
ancient  overflows  which  have  beau  removed    by  subsequent  era 
leaving  only  the*  intruded  portion.    Bn1  in  more  recent  ernp 
overflow  or  tnepM  portioM  atfll  remain.    The  fused  matter  ha 
dentiy  come  np  through  fissures  and  spread  out  a*  sheets,  and  • 

aheet  after  sheet  has  beer. 
JVUlliJl  ombti  !v  "in  poured  fori 
layer  upon  layer  (Pig.  185) 
til  the  whole  surface  of 
oonntrj  is  deeply  bin  u  i 
the     Hood.       Tin'     extent     and 

tbioknea  of  the  lava-fields  thus 

formed    are    almost    incredible. 
great    lava-flood    of    the 

Northwest     covers      Nor: 
California,  Northwestern  Nevada,  tin-  l,t. ntor-parl  of  Oregon,  Wash- 
ington, and  Idaho,  ami  extends  far  into  British  Columbia  and  Mon- 
tana.   Its  extent  h  not  leas  than  i*>0,000  square  miles  and  its  cxt 
thi  Icnea  where  eat  through  by  the  Columbia  Uiver  is :!.««.»» to  i. 
foot    In  another  plsu  miles  distant,  the  DoscbutM  I: 

cuts  into  the  same  lava-field,  making  a  cafion  1  In  milee  long  and 
1,000  to  2,500  feet  deep,  and  has  not  j  ted  bottom.     At 

thirty  successive  layers  may  bo  counted,  tine  above  the  other,  on  the 
tides  of  this  cafion.  About  a  do/t-n  voL-mmes  overdot  this  great  sur- 
face.    It  id  simply  inconceivable  that  all  this  material  came  from 
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these  volcanoes.  It  evidently  came  Dp  through  great  fissures  in  the 
i  tiiilr.  Bhu  M contains,  end  Dotal  llange,  and  poured  out  on  the 
surfai-o,  flooding  I  intervening  country.*     The  Deccan  lava- 

cribed  by  the  Indian  gaologieta,f  is  200,000  tanaM  mUei  in 
extent,  2,000  to  6jW  hick,  and  entirely  withoui  .1 

ic  i  on  whioh  the  tare  oeeJd  ha* me.    Zheseexten- 

i Is  ere  mostly  of  basalt.     In  I'tab  ntul  <  (ilm-i'lu,  uecurdiug  to 
King  and    Kndlieh.J;  rhyolitio  and  trnchvtk-  lavas    reach  a  thicknces 

Asa  general  role,  outpourings  of  banll  reach  th«-  gn 
i  -'  extent,  but  each  thin,  <•  basalt  bad  been  ■.-/" 

while  acidic  lavas  lilu  tnchyts  and    rhynliU-   are  niiijiiiiini]    in    very 
domc-Iiko  masses,  as  if  they  hud  been  onlj  ■-■•'/!•- 
fused. 

In  basaltic  !  .i  n  raarkabla  step -!ik"  ox  terrace-like  appear- 

■  i        r  r  loantry  .-inns  to  rise  in  successive  mblesor 

m  tliis  had  arisen  the  term  imp,  from  the  Swedish  word 

-.  ■  -fair.    Thia  confignration  is  due  to  the  abrupt  ternJaatinna 

iccessive  flows  (Fig.  166). 
Intercalary  Beds  and  Laocolitas.— Holme*,  in  Hejdenfa  Deport  for** 

Colorado,  as  wholly  composed  of 
|,  with   intercalated   beds  of  eruptives,  ns  if 

the  lava  bad  forced  itaelf  between  the  strata.  Snob  intercalary  sheets, 
which  bare  been  often  obe  others,  probably  pan  by  maensible 

gradation?  in i  F/es — anen   torn  ol  occurrence  to  which  atten- 

was  first  drawn  by  Bobnea,  bat  which  has  been  elaborately  de- 
scribed by  Gilbert |  as  characteristic  of  the  Henry  ICoantainai  and 
other  gr  be  Plateau  region.    In  this  case  the  liquid  mallei 

seems  to  have  come  up  through  ;<;  usual,  but,  instead  of  break- 

ing '.:  o  the  surface,  has  lifted  the  upper  strata  and  accanudated 

beneath  in  groat  dome-like  masses  which,  in  met,  constitute  the  bulk 
of  tbe  nonnrains  (Kg.  M6),    The  stral  i  I  dome  thus  formed  bi 

ward  eroded,  and  the  igneous  core  or  laccolite  18  exposed. 

hethei  I.e.  dates  between  the  strata 

or  outpours  on  the  surface  i*  merelj  a  question  of  relative  ipeolflfl 

gravity.    If  the  lava  fa  lighter  than  the  strata,  then  tbe  latter  will  sink 

and  the  lata  be  outpoured.    If,  on  Hie  other  band,  tbe  surface  strata 

n  the  lava,  then  tbe  lava  floats  it  up  and  accumulates  be- 


•  Americas  Journal  of  Svirnor,  rol.  tii,  pp.  Iii?, 

rii-an  Journal  of  Science,  vol.  xW,  p.  I4D.  1880.     Manual  of  Indian  Geology, 
p.  **i  <t  ~<j. 

|  Kin-,  ecology  of  the  Fortieth  Parallel,  roL  S,  p.  tit.     Eudlich,  Ilnjden'i  Rrport 
fo»  IS. 

»  ffard«B'll  Import  for  IMS,  p,  271. 
lOTbwl,  Otology  of  the  llcwy  MowrtalM. 
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:!iamore|': 
able,  how*  "T.  that  it  U 
rather  a  question  of  liquid- 
itij  than  pari- 

ty. If  the  liquidity  it  per- 
feot  as  iii  basalts,  then  it 
comes  to  the  6ii  r face  and 
outpours,  and 
to  very  great  d 
Inn.  If,  on  tin-  contrary 
the  lava  h  ■  ■  j  » l >•  a  stiffly  I  ;  mass,  like  trachyte  ami, 

folite,  ii  may  lift  nj>  the  strata  on  its  bad  in  ■  dome. 
Age — how  determined. — When  two  dikes  intersect  eaeh  ether,  then, 
of  c<>  ting  mud  be  younger  than  the  inter 

In  this  manner  the  relative  age  el  dikes  Intersecting  the  same  region 

in:n  often  In-  determined.     Tlio  ofawluti  age  of  igneous  rockfl  run  i 

be  determined  bj  neanB  of  the  strata  a  ih  thej  ai  ted. 

[f  a  dike  ie  found  intersecting  strata  of  known  age1  (6,  Fig.  180),  the 
dike  nui.-i  be  younger,  than  die  strata.     If  n  dike  (eY),  int 
strata  and  outcropping  on  the  surface,  u  found  ororlaid  I 
through  which  it  does  pot  break,  then  the  igneous  injection  is  younger 
than  the  former  and  older  than  the  latter.    The  series  of  events  indi- 
cated is  briefly  H  loUom:   Urst.  tin-  older  scries  .if  sediment*  li;i- 
I'.m-uhmI  -.  then    ti.-stuvs  formed   and    tilled    h\    iirneouE   inject) 

erosion  has  carried  away  the  upper  portion  of  I  he  -tram  and  its  in- 
cluded dike,  so  mat  tin-  dike  outcrops  along  the  eroded  snrfai  a . 
lastly,  the  whole  has  he  arged  and  again  ootexed  with   edim 

In  the  case  of  intercalary  beds  of  igneous  rocks,  if  the  strata  above 
end  below  are  i > « •  1 1 *  metamorphosed  by  heat,  then  the  (used  mutter  has 

lici-ii   forced    between  and  is  younger  than  the  strata  :  if.  boWOTer,  the 

underlying  stratum  is  changed  bat  the  overlying  is  not.  then  the  igne- 

matter  li.i-  been  outjimired  mi  the  sea-bed  mnl  coveted  with  sedi- 
ment, and  is.  therefore,  of  the  mi  mi'  ngc  :■-  the  strata      The  same  priti- 

oiplee  determine  the  age  of  sAee/j  and  ttrtams.   If  sheets  arc  sue' 

OatpOBTed)  one  Stop  the  other,  then.  Of  eoume,  the  order  of  sii|H>rposi- 
tion  determinee  their  ratal  Bo,  also,  if  two  streams  run  across 

other,  thi  en    lying  ifl  the  younger.     In  thiswaj  Richthofen  and 

othen  have  determined  the  order  of  eueeossion  of  different  kinds  of 

ernptlfes      Abaolutt  age,  or  the  geological  time  of  eruption, 

■nly  lie  determined  by  the  age  of  the  associated  strata. 

0/  Certain  Structures  found  in  »■ 

Columnar  Structure.— Many  kinds  of  eruptive  rock  exhibit  some- 
timee  a  remarkable  columnar  structure.    1  inspicuoos  in 
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It,  probably  because  Util  rook  has  been  snperfueed,  and  ia  ther 
sometimes  call nj  basalt  ir   structure.     SI  I  "likes  of  this  rod. 

ipoaed  wholly  of  regular  pri  Jointed  column*, 


;i; 


Plfl   187.— Caluatnar  BaMlt,  Nch  BOTitl  Wall  -  .lwiu>. 

fittin  trying  i"  siae  from  r  few  inobei  I  i  a  tool 

siml  in  length  from  several  feel  to  Bftj  w  oni   aandred 

have  been  vol  l  ob  cliffs  by  the  tt  lion  <>f 

waves,  01  r-bao&sbyth  lion  of  ourrenl  '"by 

atmo.-pli  il  Hi.  they  jin> a  •.  u  \    striking  taenia  .-liver 

88).     In   Europe  the  ftian  ,  on  the  coast  of 

gaTa  Cave,  in  the  island  of  Btaffa  on  the  weal 


i  -•.. 


nUrj  Koek.  Lake  taper  Mr  iitH*  O"»oj, 


uooa  examples.    In  the  United  States  we  have  ex- 
amples in  Mount  Eloryoke,  on  the  Connecticut  River;  ia  Qm  Pali 
of  the  Hudson  River;  in  the  trapi  on  the  shores  of  Lake  Soperior; 
and  especially  in  splendid  cliffs  of  the  Columbia  and  Desobnbea  Bil 
ha  Op 

Direction  of  the  Columns.— Tin*  direction  of  the  columns  i*  usually 
at  right  angles  to  the  cooling  surface.     In  horizontal  sheet*,  therefore, 
are  vertical,  but  in  dikes  tiny  are  horizontal  (Fig.  189). 
above  the  general  surface  of  country  Bomol 


Cause  of  Columnar  Structure.— There   it  little  doubt  thai 
Itruoluve  ia  produce*!  by  contraction  in  the  net  of  cooling.     .M 
gtoncr-  break  in  a  prismatic  way  in  contracting.     Masses  of  wet  fit;.: 
«>r  very  tine  imul  exposed  to  the  sun,  crack  in  this  way.     Tn  basalt   tin 
structure  ia  more  regular  than  is  any  other  known  substance.    The 
subject  of  the  ttue  at  jointed  columnar  structure  has  boos  very  ably 
dismissed  by  Mr.  Mallet.* 

Volcanic  Conglomerate  aad  Breccia. — If  a  stream  of  fn 

whether  from  ;i i OXSter  or  a  fissure,  run  down  a  Stream -bed,  it  gadu'i- 
up  the  jirhf/fr.f  in  its  course,  and  after  solidification  forum  a  conglom- 
erate which  differs  from  u  true  OOngkmierate  l|>.  171)  in  the 
the  uniting  paste  i-  :<_ruenns  instead  of  sedimentary.  In  a  similar  man- 
ner volcanic  breccias  are  formed  by  the  flowing  of  a  lava-stream  orer  a 
surface  covered  with  rubbU. 

The-  disintegraiinii  of  volcanic  rocks,  and  their  trans]  -i  and 

deposit*  will  of  course  giro  rise  to  oqum  and  brec 

posed  of  volcanic  materials,  which  often  are  difficult  to  dii 
from  true  volcanic   conglomerates  and   breccias.     These  aqueous 

:ieratea  and  breccias  of  volcanic  material  pass  by  insensible  grada- 
tions into  tufas,  what ih,  aa  already  explained  (p.  '.'l ),  consist  of  line  vol- 
i  nii.  material  cemented  Into  an  earthy  nm^  and  often  sorted  l 


*  Philosophical  Maguinc,  Aupist  uid  Sopterobtr,  1875. 
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Amygdaloid- — Still  anoHlOT  statu  -hire,  wOTJ  common  in  lavas  and 
traps,  ta  tli a  omygdoloidaL  Tho  rock  oallad  amygdaloid  (Figi  180] 
greatly  ranmhlai  volcanic  conglomerate, 

ig  apparently  composed  of  almond- 
shaped  pebbles  in  an  igneous  paste,  but 
is  formed   in  a  wholly  different,   way. 
Outpoured    traps,  and   MpeoiflHj    lava- 
streams,  are  an  Tfinirwlnr— \, 
filled  with  rapor-blebs,  usually  of  a  flat- 
:,  ellipsoidal  form.     In  the 
](•  ad  frith  -ilica, 
carbonate  otf  lima,  «»r 
rial,  i>y  infiltrated  watei  holding  I 
matters  in  solution.    Sometime!  the  till- 
ing has  taken  place  very  -lowly  by  sac- 

;  t  -colored  ma- 
terial.   Tims  are  formed  tho  beautiful  agate  pebbles,  oi  mora  property 

./tlultji, to  common  in  trap.    'I  mmon  filling  i>  riUoa, 

because  water  percolating  through  igneous  rocks  is  always  alkaline, 
silica  in  solution. 


r  life 


ns  Iwobxaxt  Qbnekaj  Qi  botioxs  connected  witii  Ioneoub 

Rocks. 

1.  Origin  <\f  Tgm  '•-. 

ru  are  many  reasons  for  thinking  thai  igneous  reeks  aro  not 

i  ited  portions  of  an  original  fused  magma,  but  are  usually  the  result 

of  rtftttion  of  .ifrntififJ  roek*.    This  qwtflon  has  been  already  touched 

in  treating  of  volcanoes  (p.  MO),  bat  we  are  now  in  condition  to  take  it 

up  more  fully. 

If  the  earth  cooled  from  a  primal  incaudoaoent,  fused  condition,  it  is 
hoi  then  would  be  what  intial  homogeneity  In  to  I  lyor, 

at  least  in  any  given  locality.     Ki  [on  .  although 

.  might  indeed  slowly  change  in  composition  in  :  I  .<  of  geo- 

logical ages,  as  deeper  and  deeper  layers  were  successively  reached  by  the 

I.  yet.  in  the  •/\7.'.\  mid 

rrui  '.  they  ought  to  bate  the  same  composition. 

Hut  we  find,  on  the  contrary,  lavas  oi  the  greatest  differences — a,  g., 
rbyolite  and  basalt,  erupted  in  the  same  region,  and  nearly  at  the  same 

fore,  bo  portions  of  the  some  original  magi 

Nov  |irimal  solidification  of  the  earth  from  fin-ion.  the  first 

t  waa  doubtless  a  homogeneous  igneous  rook,  somewhat  similar  in 

oompoeition  to  diorite  or  syenite.    The  effect  of  mpieous  agencies  on 

this  original  homogeneous  material  integration,  transportation, 
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tog,  and  deposit,  throughout  nil  geologi 
dues  as/rente  diffi  renliation  of  ttralijb  t  rocks,  b  g  to  the  sitae 

tame  cod  in  the  samo  region.     Elence,  if  eroptaree  are  produced  1> . 

tOfliOD  "f  thflSe,  W  Won]  'I  e.vpcel    to  lind  '-'T«-:it  •  I i% -  ii-i tv  uno 

Rut,  on  the  other  hand,  the  eeeJrenu  dlfertk^  which  ere  find  among 
strati  tied  rooks,  vi/.,  pnre  sandstones  (aoid),  on  (be  one  hand,  and  pun- 
limestones  (base)  on  the  other,  i*  no f  found  among  But 

ill i - .  v. in.  at  Bid  an  objection,  i-;  found,  on  examination, a  b 

firmatiou  oi  ont  oonelusion ;  fur  flu  ffu* 

:.   Tins  the  divendtg  ol  oompoeition  of  igneous  rocks  is  ootnpl* 
explained  bj  supposing  them  formed  by  reftudon  of  stratified  rock* 
within  I'm:  Until*  efreadg  u* 

v.  Other  Modes  o  \ficatton. 

There  is  no  subject  connected  With  geology  which  is  in  a  stal 
greater  eonfttsion  than  the  ouvrinoation  and  aomenelatnr  icons 

rooki      [I  seems  proper,  therefore,  to  mentioii  some  of  the  diffei 
i  ii  vs  entertained. 

Many  geologists  think  that  igneous  rocks  may  be  thrown  into  three 
groups,  aharaoteristlc  of  different  periods  of  the  earth's  history,  and 
which,  therefore,  are  now  found  associated  with  the  strati 
different  agce.    Tin*-  an:  i.  The  gra&itaa  group,  including  granites 

and  syenites,  !i---..'-iaU'd   with  areha-an  and    paleozoic  rock.-: 

trappean  group,  including  diorites,  porphyry,  doleril  -sociateri 

w  iili   i  he   litter   palii  ozme   ami    the    i 
rocks;  and,::.  The  volcanic  rocks,  incUri 
basalts,  trachytes,  etc.,  associated  with    the 

ary  rocks.    They  think,  bherefj 
the  earliest  eruptions  were  gi  then 

trappean,  and  lastly  volcanic.     1  ortiienaore, 
tin  v  think  that  the  Brst  have  come 
lv  in  great,  dome-like  masses;   the  seoo 
mostly  in'  •    .  and 

the  third  through  craters  forming  volcanoes. 
Again,  many  think  that  erupted  matters, 
of  different  times,  have  become  progressively 
more  basic  They  think  that,  alt  In  n 
group  inav  he  divided  into  a  more  acidic  ami 
a  more  basic  sub-group,  yot,  as  a  whole, 
granitic  group  is  the  most  acidic  and  the 

volcanic  the  most  basic,  the  trappean  being  Intermediate,  a«  shorn 

the  accompanying  diagram. 
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•  Ctptaln  Dulion,  Bbjl  Plateaus  of  flak,  p.  12"). 
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Again,  I iii-s..  tn,,  u,.Ws,  whit  h  are  usually  bold  by  tlif  HON  persons, 

bird  rii  w,  in  regard  to  the  origin*]  eon* 
tdon  of  tin-  earth's  ornst     1 1         I  BOoKngi  the  outer  liivrr  ii  snp. 
i  liighlj  oxidised,  bjghlj  dUooosaiand  therefore  ■  i 
parati\>'lv  light — in  other  word*, granitic ;  beneath  this  was  a  less  oxi- 
dised, less  avid  htj  ogresaiveiy,  the  deeper  lay<  ra  bei  "m- 
■r,  and  more  and  more  basic.    The  fir.-t  erupt; 
frurii  the  outer  layer,  and  therefore  granitic.    Afterward,  as  the 
grew  thicker  and    thicker,  the  eruptions  ware  from  (Injur  and 
deapex  I              I  therefore  denser  and  denser,  and  more  and  more 

iii-i.-. 

Hut.  ortothea  I  may  be  said  that, as  bo  ays,  there 

granite,  thongh  most  commonly  associated  with 
theolder  found  iu  strata  of  all  ages  up  tn  ih    DlLdlttl 

and  Austin  i  rap  n  Dl   haw  occurred  in  all  agos  up  to  tin-  !:it  ■  :  "I  <  I'lisry, 

Thegranite  of  Mum  Blanc  was  poshed  op  «t  the  end  uf  the  Ba 

ill),  and  the  great  fissare-eruptions  of  the   Northwest  took  plane 
at  the-  end  of  the  Miocene  and  during  the  Miocene.*    AUo,  as  to  ••■ 
trachyte  and  liparite  hare  much  the  earns  chemical  com) 

thai  more  "f  the  silica  is  in  com  and  less 

a  former  than  in  the  latter.    Borne  early  diontea  and 
gabbros  have  much  the  same  ehemioal  (if  not  mincralogicai)  oomp 
turn  as  basalt. 

■■in, others,  with  mnch  reason,  think  thai  all  the  differences  be* 

twceit  the  three  groops  En   o  rioaj  character  and  crystalline 

i  are  due  wholly  to  the  different  depths  at  which  and  the  Blow- 

ness  with  whioh  solidification  took  place.  They  think,  therefore,  tlnil 
if  trachyte  (Fig.  I  Id  be  traced  di  [deep  enough  it  would 

pass  into  porphyry  (4),  and  final  lv  into  granite  (//).  and  similarly  baaalf 
would  puss  into  dolorito  and  diorite,  snd  finally  into  olivin-di  On 

this  view,  what  toe  can  not  do,  has  been  done  fur  us  by  erosions  and 
granite  i*  most  oommonly  associated  with  older  rocks  only  bocs 
thew  )ih  d,  ami  therefore  their  deeper  parts,  or  area 

ilio  fonntain-reaerToira  from  which  eruptions  hare  come,  bare  I 
exposed.  i  less  exfa  of  lbs  mranjmin  rocks  has 

exposed  the  porphyritio  and  dioritic  dikes  through  which  eruptions 
came  up;  while, of  the  modern  lavas, only  the  upper  ox  overflowed 
part*  an'  i.    This  riew  explains  completely  all  tiie  phenomena 

of  igneous  rocks,  and  the  gradations  between  tl  ohi  Dated  ami 

*  American  Journal  of  Science,  rot  vii,  p.  167.  1874. 

•  gradual  (bangs  lm»  trery  recently  been  distinctly  obwtred  In  Southeastern 
Enrop*  bj  Jadd  (Geological  M»tr»rinc.  1 S76.  vol.  jsxil,  p.  W2).  and  aI«o  in  Colorado  by 
FVaie  (Kajdcn'*  Report  for   1873,  p.  2*1),  end  nbo  by  IU«uc  and  IdJinga  ia  Kcrada 
Stalea  tiwkigical  Survey  Bulletin,  So   17,  lNM). 
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mincrulogicul  composition  ;irn  1  in  i  r .  - iii 1 1  i  n .-  structure,  u:ul  is  thcr 
v  probably  true.     We  have  substantially  assumed  it  in  tin-  pm 
descriptions. 

The   confusion   in  the  classification  and  nomenclature  of  tgl 
rooks  is  still  further  increased  by  the  undoubted  fuel,  tliu:  •'  the 

kitwlH  of  rockH  mentioned  above  08  igneous  aro  found  also  anions 
amorphic  rocks  which  lia\e  never  boas  erupted  at  ii.Il.  This  mi!.]. 
further  treated  under  the  hem!  of  Mctamorjihi-.u:  i\>-  288  •'  >•<]■). 

'.i.  Riehtiiofinfs  (notification  of  Ttrtiory  Eruptive*. 


Hv   far  the 


'l:i--i!y 


t  SU'.-ix'S'fiil  ut tempt 

late  the  kinds  of  igneous  rocks  with  ihei  i<  found  in  Bl 

Hon  of  T<  i  i  |.h\.  ■.     taoordii  I 

there  ii  a  regular  and  inTarisbiQ  ordw  of  Baocoeeiorj  arm. 

if  rocks  of  Tertiary  limes;  the- Older  being — 1.   l'ropylitc*    2.   Ande- 
."I.  Trachyte.     4.   Uhyoliio.     6,   Basalt.     Tl  r.njv- 

plies  only  to  primary  Of/ittVM  ervptiotu  :  for,  once  primary  en  | 
milHHH  may  become  the  seats  of  subsequent  secondary  or  crater  erup- 
tions, it   is  evident  thai  wcondurv  eru (•lien.-  nf  ,i  lower  "roup  may  be 
luunous  with  primary  eruptions  of  a  higher  group,  f 

Tin-- »■  views  of  Biohi  Imfi'ii's  liavo  attracted  wide  attotil ion.  but  have 
not  been  generally  confirmed.  All  that  is  as  yi  I  M  ire  tally  aooei 
in  regard  to  the  order  of  Tertiary  eniptivcs  u  that  the  trachytes  (in- 
cluding in  this  torn  witk  the  trachytes  proper  also  theaudesites  aud 
the  rhyolitoa)  precede  the  basalts.  T ho  reason  of  this  may  p< 
found  in  the  fact  | hat  arid ic  rocks,  although  more  infusible  than  the 
basioefo  dry  lui'L  ."'  i  uUjf  I"  Iii/'1!"  m  by  the 

formation  of  hjdfOttfl  Now,  it  is  in  thfl  oondition  of  imper- 

fool  hydrothcrinul  fusion  that,  the  trachytes  and  rhyolitee  wereom; 
while  the  basalts  hnvc  hern   in  a  state  of  complete  igneous  fusion.     If 
we  suppose  strata  of  different  kinds  to  be  si  increa*- 

ing  heat  in  the  presence  of  a  small  percentage  ■<(  water,  it  is  en 
eatable  that  the  acidic  ro<  I  Brat  yield  by  hydrotbenoal  foai 

and  only  afterward  the  basic  rocks  by  true  igneous  fnflOE 

Judd,  iii  his  recent  work  on  Volcanoes,  admits  that  an  int 
type  like  andesite  (propyl  i  to   is    usually    regarded  n  |        first 

erupted,  Chen  an  acid  type  like  trachyte  and  rhyolite,  and  last  lmealL 
lie  accoantB  for  this  by  supposing  a  homogeneous  fused  mass  (snob  as 
would  be  formed  by  fusion  of  many  different  Idnda  of  etraj 

amptod   as  soon  as   formed       This  Would   make  an  intermediate 

*  Propyllt*  l«  warded  t>r  ninny  a*  (in  altorcil  »tid«8lte. 

t  RicMhofet.' *  Nntural  History  of  Vi,le»uio  Rooks,  Memoirs  of  California  Acadrtnyrf 
Ml  !■(■«•,  Ti.1.  i,  Part  II. 
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fused  mass  after  long  standing  would 
separate  into  a  lighter  acid  portion  above  and  a  bawrfssj  basic  portion 
below.  These  woulil,  therefore,  be  successively  erupted  EH  rhvolito  uud 
basalt. 


CHAPTEB  IV. 

ttBTAitORPmO  ROCKS. 

Tuv.rk  is  a  third  class  of  rocks,  interna  li  in  ifl  character  botween 
.r.hnary  sedimentary  and  the  igneous  rooks,  and  therefore  put  ofl 
until  these  had  been  deMsibad.     The  rocks  of  this  class  are  stratified, 
like  the  sedimentary,  bn<    rj  Italians,  though  nam  glassy,  and  usually 
the  igneous  rocks.    They  grs  I  naibrj  on 

the  one  band  into  the  true  unchanged  sediment,  and  on  the  otln-i 
Igneoaa  rockx 
Origin.— Their  origin  is  evidently  .-edimcutary,  likt?  other  stratified 
reeks,  but  they  have  been  subsequently  subjected  to  boat  and  ol 
■gents  which  have  changed  (heir  structure,  j-oinctiiue.;  •  ■ntirck  JmI 

r  fossils  and  even  their  lamination  BLrtlOlure,  tad  inducing  in- 
stead a  crystalline  structure.    The  ,--.  i.i. m ■<■  of  their  - 
i*   fonnd  in   their  jrrad.it ion  into   unchanged   fossil ifcrniis  >fni 

of  their  nibaeqtienl   change   by  heat,  in  their  '.'nidation  Into, 
igneoaa  rocka.     For  this  reason    they  urc   colli  d    nut  amorphic 
la. 

Position. — Ml  the  lowest  and  oldest  rocks  are  metamorphic     Tlie 
con verse,  however,  viz.,  t hut  meiamorphia  rocks  arc  alwaj  ■  the 

st,  is  by  no  means  true.    Bletamorphiara  is  not,  therefore,  a  t. 
age.    Metamorphic  rooks  are  bond  of  all  ngesup  to  the  Ternary.     I  bej 
Coast   Kangc  nf  California  U   much   "f  it   metaniorphie.  alih 

ary  and  Cretaceous  periods.     U  uiam 

aoem*  tii  bo  univereal  in  the  I.unrentinn,  i-  in  tin    Pnhan 

Mesoxoic,  exceptional  in  the  Tertiary,  and  entirely 
it  sediments.     It   is  therefore  lea  and  less  OODUSOJI  as 
l  up  the  series  of  rocks.     The  daU  of  meUmorphi-m  is  also 
from  that  of  the  origin  of  I  afetan 

taken  place  in  all  geological  periods,  and   is  doubtless  now  progressing 
■buried  strata, 
tamorphism  is  also  generally  associated  with  foldings,  tilt  in  ■ 
terecoting  dikes,  and  other  evidences  of  igneous  agency,  ami  il  tin  re- 
found  in  mountainous  regions.     It  is  also  usually  found 

Extent  on  the  Earth-Surface.— These  rocks  exist,  outcropping  on 
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til.-  sin  face,  over  v.  ions.    Nearly  the  whole  of  Canada  and  Labra- 

dor, it  large  strip  on  the  eastern  slope  oi  the  Appalachians,  and  a  li 

ion  of  the  mountainooE  regions  •-•£  the  western  border  of  tine 
tmt'Mi,  are  composed  of  them.    Beneath  theanrfi  un- 

derlie all  or  Ik  r  .-iniiiiii'il   rucks,  and  are  therefore  the  mosl  widely  dif« 

Eased  of  all  rooks.    Their  tbicknw.  i  -  <ils :.  ■   immense    The  \mu- 

ront  i;i  ti  aariee  of  Canada  is  probably  50,000  feet  thick, 

throughout. 

Principal  Kinds. — Tin-  principal  kinds  "f  metamorphic  rooks  an: 

efay-ilatgf  quart  itt,  nutrtit,  and  terpmti 

<f miss,  the  most  universal  and  characteristic  of  these  rocli    I 
and  appearance  and  mineral  composition  of  granite,  except  that 

more  or  leaa  distinctly  stratified.    Often,  bow  tion  csn 

only  boobs-  n    I  in  large  masses,     duct's*  mas  i.y  invenaibk  L'radutiotu, 

on    the    one    hand,    into 

Ion  the 
through    the    more    )*t- 
-  ctljr  stratified    ac 
into  sandy  claj 
aanda. 

ally  grayish  fissile  rocks. 
:  i  p  largely  of  scales 
•  r  . /,  •'■■!)  i/,-.  i.r  fair.     I[cnil>len<le-*chist  is  similarl. 
scale*  of  hornblende,  and  ii  therefore  a  rerj  dark  rock.     The  Hi 
structure  of  schists  is  due  to  the  presence  of  these  scales,  and 
tore  wholly  different  boa  that  of  sJa/e*.    It  ia  called /of  ii 
ure. 

Strpentii  ompact,  greenish  magueaian  rock.    The  other  va* 

rietiee  need  no  description.     Eornblendi  gra- 

dationa  into  olay-slatea  on  the  one  hand,  and  into  diorites  and  gyenitas 
on  tin-  other. 

All  these  kinds  mn%  be  regarded  as  changed  eanda,  111  -,  ami 

clays,  the  infinite  varieties  being  the  resull  ifference  h  .  inal 

.■Hid  the  degrees  of  metsjnorphism.    Sands  and  lime- 

Often  found    »sry  pure;  such  when   tuetamorphoeed   produce  t| 

marble.    Clays,  on  the  contrary,  are  almost  alv 
taining  sand,  lime,  iron,  magnesia,  eic    sm-h  impure  olaya,  if  bbu< 
ill  excess,  produce  hy  metamorphosis  gneiss,  mica-schist,  and   the  like. 
but  if  lii  n  considerable  •piantitic  thu-y  produce  horn- 

blende-i-v  elay-slate;  if  magnesia,  talooeo-wliisi      Thi    01  _'in  of 

asrpenttnfl  b  sol  sell  nnderstood  :  bat  it  is  evidently  in  many  cases  n 
ohanged  magnesian  day.    All  gradations  between  such  clays  and  asr* 
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may  be  found  in  the  Tertiary  and  Cretaceous  »t  rata  «>f  tlio 
Coast    Datigi  .'.irnia.      Iiiu    ii    m  also,  often,  a  &  igneous 

00B  marl.  ••Iii  la  (peridotlto). 

'fhtbi ij  of  MetataorpJiiam, 

rhereara  few  subjects  moreobaoure  than  the  01  netamar* 

i  mI  the  conditiona  under  whi<  nportaml 

ou  it,  however,  recently,     i'm  rln- sake  of  clear 
Oew.it   will   b  I"  divido  na-tainor|>hiMii  into  fcWC  kinds,  mjiih- 

what  dill'  ■'■'"•I  iiia I  •n/i-ritl. 

-  that  produced  by  direct  contact  with  evi> 

larcea  of  intense  beat,  u  when  dikes  break  through  stratified 

as  already  seen  (p.  310),  under  than  oironmetanoes,  impure 

iriatogni  Las;  clays  into  slates,  oc 

into  marbles;  and  bituminous  coal) 

r  into  anthracite.    In  there  asses  it  is  evident  that  the 

of  the  change  is  the  rah  -  od  the  incandescent  fared  ooo* 

dike  yt  the  moment  of  tilling.   In  su-  b  •-.•i-c-  »(  I . •■  -.-il  meta- 

d  but  :ii  m  iia-  wall  of 

dike, 

iho 

tree  of  intense  beat    Books  thoBsandj  oi  Feel 
■ring  hundreds  ■'(  thourenda  of  square  mOat,  are 
r.|.    The  principal  agents  <-f  this  general  mutarnor- 
i  t--  be  a i  prmute. 

i  ai-ncssary  agent  is  safBcienthj  evident  From  rei  gen- 
ilarity  of  the  results  to  lecai  mctaraorphiam.     Bui  p  beet 

intense, and  tliorefore  not  sufficient  of  itself  toprodnot 
is  also  quite  certain.    For  (a)  raetamorphic  rooks  are  often 

ratified  -with  unchanged  ruck...*    Intense  nasi  would  * 
them  all  i  is  ,01  nearly  alike    (//.)  Mum  minerals  are  found 
norphic  rocks  which  will  not  stand  iuu>n«'  boat    A    u 
ion  has  boon  found  in  oontaol  with  rougnotii  iron-ore,  although  it 
■    i  :n:  not  exist  1  tnperatureof  rod- 

a  i-f  tin-  iron-ore.     {■•.)  The  effect  of  simple  dry 
i  n  in  oases  of  local  motnmorpliism,  docs  not  •  rtend  1 
■  are  fonnd  abundantly  in  metamorphk  r 
will  be  more  fully 
iter.— Heat  combined  wit)         m  seems  to  ho  fhe  true  ag 

snts  of  Daubree,  Senarmont,  and  otlu-ra,  prove   thai 

waw-r  :ir  400*  I  1  reduci  -  to  a  patty  condition  nearly  all 

rocks;  1  that  at  this  temperature  crystals  of  quarts. 
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-pur,  mica,  augite,  eta,  art-  formed.     In  fact,  M  Qtxtit  I 
(Geological  Magafiinw,  vol.  vi,  p.  M4,  lshii),  there  are  nil  gruda 
between  wlution   and   true  igneOU   fiu-iou  through   rariotu  grndj 

bydrothi  ioo.    Bueh  a  patty  or  aqueo-fuBed  mass  slowJ-  oooled 

:i  Conn  &  crystalline  rooli  containwg  crystals  of  ojiarti,  fold 
inicu,  etc. ;  in-other  word  ■  would  be  nwtamorpbio.    The  auantisj  of 
war  i     for  these  Is  shown  by  experiment  to  be 

.-mall— cnly   five   to  ten   per  OOOi.     In  other  words,  r 

ofudinn  nit  1 1  fanptg  n^fit  itrtf. 

Alkali. — Alkaline  carbonates,  or  alkaline  silicates,  so  coin  in 
natural  waters  gnaflj  promote  t ) i •  ■  pro 

paituaa  or  aaneo>igneorsi  fusion  to  take  place  at  a  much  Emm •/■/««- 

Pressure. — Pnttun  is  a  necessary  condition  of  the  exi 
nigh  temperataro  in  the  presence  of  water,  and  is  thus  an 
agent  of  metamorphiHn,  bat  it  is  also  e  direct  agent,  aim  .-ases 

iiiicul  action  of  many  lands,  and  there  fen-  nulub'tUty. 

It  1b  <  rident,  therefore,  that  while  metamorphlsm  by  dry  beat  b 

require  a  temperature  of  2,000°  bo  8,000"  Falir.,  in  the  presence  of  water 
the  same  rasoll  ii  produced  at  572°  to  fM '  flahx.  (800*  or  400°  <    | 

in   tin-    |  of  alkali,  even   in  small  amount,  prohahly  at  80G 

Hid   Bahr. 

Application. — All  these  agents  are  found  i listed  in  deeply-baried 

Bedimeate.  Berieso!  ontoropping  strata  are  often  found  ^O,000oreveo 
40,000  feet  thick.  The  lower  Strata  of  such  ii  fteri  i  v  -ho  regular 
increase  of  interior   beat  alone,  must  have  been,  before  uptiltiug,  at  a 

temperature  ol  between  700  and  800°  flahr.,  a  temperature  mi  tie 

i  their  included  water, topi  mplete nqn eo- igneous paetinesr, 

and  therefore,  by  cooling  ami  crystallisation,  complete  metamorphi 

Suppose,  then,  a,  *b.  Fig.  108,  represent  the  contour  of  land  and 
.sea-bottom  at  the  beginning  of  any  period,  ami  the  dotted  linei  the 

of 
400     and    E 
If,     now,     sedi- 
liien  I  to 

50,000 feet  ti.i.k 

he    depi  - 

that  the  eea-bot- 

'">ii  is  raised  to 

then  the 
therm   of    - 

will  ri.=e  to  the  position  of  the  broken  lines  and  invade  the  lo- 
tions of  the  sediments  with  their  included  water.     Booh   sediments 
id  he  completely  changed  in  their  lower  portions!  and  to  u  less 
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higher  tip.     It  is  probable  that  even  300"  to  400°  Fahr.  is  raffl 
u>  produce  a  considerable  degree  i>f  change;  i>r  even  200°,  if  alkali  be 

Crushing.--  .\ltliou_ii  simple  gravitatiTa  pramiv  is  only  n  oondi- 
linn,  mid  i»>;  n  cause,  of  bi  at,  kori S9nial pn  I  the 

■.  by  the  ooavonioa  of  manhanical  anergj  into  heat,  becomes,  a* 
Mallet  has  shown,*  an  active  source  of  this  agent.  Now,  in  all  eases 
of  aMtanunpbiam  we  find  ample  evideaoes  "f  mob  horizontal  oroabing 
in  the  a-  ingi  and  cleavage  of  tin-  strata. 

Mechanical  Metamorphism.— \  cry  recently  it  has  been  shown  that 

ml  pmmnm  trith  nmthiti;'  i  inland  -  even  a  kiml 

of  flowing  of  the  crushed  rock,  will  product-  n  :-<  hit-Lose  strut-tun-  not 

Gratified  but  Igneous  rooka    Tbit  baa  t>een  ealleil 

t  dynatnii  taediffiovdty  of  de 

mining  the  origin  of  in.  (amorphic  r«'rks  I nmes  Mill  greater. 

Again,  percolating  mater  containing  silica*  even  it  ordinary  test* 
pcrature  it  eapeoially  at  bJgti  tanpereioM  under  b 

pressure,  may  often  till  op  bj  ation  the  interstices  of  a  nod* 

so  as  to  make  a  perfect  <|ii:uc-iU\  f 

Explanation  of  Associated  Phenomena.— Tin.-  theory  readily  ex- 
plains—  1.  Why  metal 

W  iiy  tin-  oldest  rocks  are  most  commonly  mat* 
morphic,  since  these  have  usually  had  the  m-uti-  rocks  piled  BpOT 
them,  and   hi  Tie    new  it 

letamorpbio,  bul  in  these  cases  1 1 1 . ■  -. 
ik.    3.  It  also  explains  the  interstratrflcation  of  aaatamorpl 

■iiit:  rocka  are  more  easily  affected  by  heated 
wat.T  tli:  lionof  tin- included  water  m;< 

also  different,  some  containing  alkali  and  somo  not.  4.  It  alaoaxplaiiu 
ita  association  with  foldings  of  strata  and  with  mountain-chains. us  will 
bo  more  fully  explained  hereafter. 

If  in  .hum  is  only  prodttoed  in  deeply- hnried  sediments,  then 

the  ■  of  snob  rooks  on  tin-  surface  can  only  result  fron  exten- 

sive mm 

Ori  i  ft. 

ranites  an-  tli  idetcd  reservoirs  from  ■ 

erniitmu.-  have  rome;  but  there  is  much  reason  to  believe  that  □ 
granites  »re  not  U  ion,  as  is  usually  rapposed 

on  the  contrary,  onlj  the  last  terut  of  meL  hbj- 

wilirrtrux  mUirtfut*,  u:\il  bare  not  given  rise  to  eruptions  at  all.  Ao» 
cording  to  this  it  pastiness  bj  heat  and  water  mi 

"  Philosophical  Tn«»clion»,  18TS,  p.  147. 

i  Irrtag.  American  Journal.  toI.  xir,  p.  402,  IM3,  md  vol.  xxxl,  p.  220,  183S. 
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I'lctepasti  ag  stratification,  ma 

Bite.    'I'll.-  principal  ugamaatt  for  this  visa  maj  be 

U  fallows:* 

L  In  many  localities  in  mounfe  cms,  and  nowhere  belter  Qua 

in  the  Siem  of  California,  evi  of  gradation  may  Ixi  ob* 

between  ■  layey  sandstones  nun  rod  between  gneiss  and  granite. 

80  i"  iic:  is  this  gradation,  that  n  is  impossible  to  draw  sharplj 
distinction.     Eton  geologists  who  believe  that  granite  is 
rock  have  been  compelled  to  admit  thai  there  is  aim  a 
granite,  scarcely  distinguishable  from  primitive  gnnite. 

■J.  Not   ■  •  1  •  1  _s  gneiaa,  but  even  <;  rani  to,  1.-  -onutimes    iiiU-rstrutified 
wuii  andonhtod  .-. dimentai  j  n> 

1  bemista  two  kind-;  of  silioa,  vision  amorphous  va- 

in ■!•,  of  Bpecdflc  gravity  feft,  and  a  crystallised   ninety,  specific  gravity 
•'.''.     Th<  1   from  eooh  other  nol 

lint  also  in  ohemioal  properties,  the  former  being  mncfa  more  ea 
attacked  by  alkalies  than  the  latter.    By  solidification  from  fusion  (dry 
way)  only  the  variety  of  specific  gxavitj  ! ".'  can  be  formed,  while  the 
van.  formed  only  by  slow  deposit  from  -lit  i,h  (h  imid  Wl 

Now,  the  quarts  of  granite  isalweys  of  the  vans  end  then 

mil- 1  bare  been  formed  in  presanos  of  vaten 

4.  Crystals  of  quarts,  hornblende,  and  mica,  are  frequently  formed 
in  N' at  u  !>■  by  tile  bnmid  process,  as,  for  example,  in  mel  unorphiei 
and  bavsslso  boon  artifuinUu  Conned  by  the  same  process  by  Danu 

Senannont,  mill  nihil   .  mly  Btated  (p.  i'i\) ;  but  they  have  never 

1 11  formed  artificially  by  the  dry  way. 

.">.  In  ii.'.mi-u  oil  reeks  and  minerals  mioi  found 

indicating  the  conditions  nnder  which  crystallization  or  solidification 

look  place       If  Crystals  11  re  formed 

.. .  :■  ies.     If  they  ore  formc-d  by  solidification  from  fusion  (dry  ■•■■ 
mid  if  gases  oz  vapors  are  present,  they  may  contain  rapor-blebs;  bat, 

if  they  Crystallize  slowly  from   a  glassy   inagina.  t  hoy  roiitain  spul 

p,  or  glass  uirilti's  ur  ni'die-ion.-,  as  in  ;-l;i:;-   and   lavas.     If 
i'i  \  an  Formed  by  crystallization  from  solution,  then  they  bi 

■ifs,  or  liquid  inclusions,  .1-  thej  are  now  usni        called.     Now. 
only  are  these  fluid  cavities  fonnd  in  metamorphio  rocks,  bal 
tlio  quart/  and   feldspar  of  gnu  ■  .\   thousand  millions  of  these 

in  ore  oopic  cavities  in  a  oubic  inch  is  ne.it  at  all  unusual :  and  th 
closed  water  often  oonstitntei  our  to  two  per  1  eni  of  the  volume  ol 

*  Ro«».  rtiilo«o|itiicnl  Mngiwinc,  its.  p.  S3  :  Dataa  •.  TsL  ,iLr 

ISO  ;   Hunt,  Ami tten  Journal  nf  SyNw  nnii  Arts,  nrir  terlcfl,  vol.  1,  pp.  81,  181. 
i  Danu.  American  Journal  of  Silence,  vol.  xx,  p.  101,  1880. 

■•inly  iiuaru.  «|ivdfto  gravity  2'6,  Iim  been  formcil  umlrr  peoutiu  condhlaat  by 
•oncrk»n  Journal  of  Bokmes,  vol.  xvl,  p.  105,  J87S. 
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-*."  •  BecSdea  these  fluid  cavities,  however,  glass  cavities  are  also 
found  in  the  quartz  and  feldspar  of  grunite.  These  Eao(  point  plainly 
ti»  the  agency  of  both  heat  and  water  in  the  formation  of  granite. 
among  the  liquids  thus  inclosed  in  granite  and  other  mctamorphic 
rocks  is  often  found  liquid  carbonic  acid.  This  fact  shows  the  groat 
pressure  under  which  solidinYution  of  the  rock  took  p] 

Even  the  temperature  at  which  metamorphii   rooka  and  gran  i  to 

solidified  has  been  approximate!  v  determined  bj  Mr.  Norhy.     The  prin- 
ciple on  which  this  is  done  is  as  follows  :  If  crystallization  from  solu- 
,  or  solidification  in  the  presence  of  water,  take  place  at  ordinary 
•  ii  tlie  laid  cavities  will  be  full;  hut.  if  at  bjgfa    U .111- 
peratures,  and  the  mass  subsequently  ooola,  then  by  the  contraction  of 
contained  liqoid  a  vacuou*  space  will  be  formed  which  will  bo 
larger,  in  proportion  to  the  amount  of  eontraetion,  and  the: 
tin-  temperature  of  solidification.      Knowing,  therefore,  the  relative 
sixes  of  the  raooole  and  tin  led  watefi  end  the  coefficient  of  ex- 

pansion of  the  water  and  the  roofc,  I  .rature  at  which  the  c; 

would  fill  (whioh  i-  the  temperature  of  solidification)  may  bo  calculated 
Sometimes  tfc  irature  may  be  gotten  bj  actual  experiment,  i.  e., 

by  heating  until  the  cavity  fills.     By  this  method  Mr.  Borhj  has  d- 
mined  the  temperature  of  solidification  of  certain   mctnmorphic   ri 

■  or n wall  as  392°  Pahx .  and  of  some  granites  as  488",  and  othen 
only  818°. 

It  seems  almost  certain,  therefore,  that  many  granites  hav. 
formed  by  dry,  igneous  fusion.     5  et  that  this  rock  has  been  in  a  liquid 
or  pasty  condition  is  perfectly  certain   from  its  occurrence  in  tortaooi 

B.     Therefore  it  has  been  rendered  past]  En    bhl    preaenoe 

of  water  under  great  p  always  «■  v ist    in   ib-.'plv-buried 

strata.    The  weight  of  the  superincumbent  strata,  or  el-  re  by 

ing- and  crushing  of  the  strata,  bus  forced  it  into  «3  greal 

fiara  res. 

What  wo  have  said  of  granite  applies  of  course  to  the  wholo  gra- 
nitic group.    Granitic  rocks  are  often  only  the  last  term  of  the  metamor* 
:ts;  granite  being  produced  from  the  more  siliceous 
sediments,  and  diabase  and  gahhro  from  the  more  basic  impure  clays. 
ot  stop  witli  tiii<  group.     It  is  certain  thai    many  if  not 
all  the  to  be  Trappean  group  also  may  be  made  by  metamor* 

Limtnta    Many  bedded  dioritee,  dolerites,  and  felsitos,  are 

oied  iu  this  way,  for  the  gradations  can  be  distinctly 
traced  into  dates,  Prof.  Dana  f  has  recently  recognized  this  H  so  cer- 
tain that  he  proposes  the  addition  of  the  prt  dtcse  to  iudi- 


•  Sorbv,  Quarterly  Journal  of  the  Geological  Society,  vol.  x\r,  pp.  329,  453. 
f  American  Journal  of  Science  and  Art*,  vol  it,  p.  119,  February,  1876. 
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vnu-  their  origin.     "I'll i  gni/cs  ■  BJSDita  Mid  ■    I  ■<•.  ;i 

diorite  and  a  metadkwite,  dolerite  and  metadolerite,  fuUiu?  and  moU- 

ite,  etc.,  and  wo  might  add  granite  and  m  lagFaoite. 

.Many  geologists  push  those  views  bo  ae  to  inelode   i 

true  lavas.    Deeply-buried  sediments  under  gentle  heel  in  the  presence 

of  water  and  pressure  undergo  inelpieol  change,  and  tone  metauiorpbic 

radar  greater  beat  beoomo  pasty  and  form  granite)  meta- 

Kfel  itat .  i  to.;  under  nlill 
oraased  probables  Mallet,  mi^ji-i.-,  \>y  mechanical  energy  m 

strata  being  converted  into  boat,  bee complete!]  fu-.-  Land  are  then 

ontpomred  npon  the  surface  cither  bj  tin-  olaeti  of  tbo  steam 

generated,  or  by  the  jo-c^u  [needing  prodn l  bj  the  Holding  of 

i  In-  ii'ii.-t  of  the  earth,  *n  oommon  in  mountainous  regions.    Aooarding 

to  this  view,  every  portion  nf  tin  ■  :  lms  ln-ni  worked  ov.-rand 

again,  passing  through  the  wren]  conditions  of  soil,  sediment, 

stratified  rook,  metamorphio  rook,  and  igneous  rook,  perhaps  mam 

times  in  the  course  of  1 1  n-  geologi  al  history  of  the  curt  I),  und   we   look 

in  vain  for  the  I'liimt ive  rock  of  tin-  earth's  cruet. 


CHAPTEB  V. 

8TRUCTURE  COitMOX  TO  ALL  ROCKS. 

We  liave  thus  far  given  i\  brief  description  of   tho  throe  classes  of 
rocks  bructure  and  mode  ol  owurrenoe.     There  are  still,  how- 

'•ral  important  kinds  of  structure  which  are  common  to  all 
be  e  'hisses  of  rocks,  and  require  description.    Tin 
sun*,  ami  twins,     \Ii>u)tlttin-ili<iiiix,  a-  involving  all  kinds  of  rooka  ami 
all  kinds  of  structure,  andTss  summing  up  in  their  d 
prinoiploB  of  strin  I  <1\  uamieiil  geology,  most  be  taken  Dp  I 

Si  i  ]  [01    L— -Joint-    wo    I'l    -i  i,;:   . 

.feints. 

All  rooks,  vvln-t li--r  stratified  i>r  igneous,  are  divided,  bj  cracks  or 
don-planes,  is  three  directions,  into  separable  irregularly  prianiatio 
blocks  of  rations  sizca  and  sli:t[ns.     The-..-  cracks  are  called  Joints,     In 
tiraWud  nicks  the  jdaucs  the  bedding  constitute  one  of  these 

divi-i-m-ohine.-,  while,  the  other  two  arc  nearly  at   right  angles  l->  tliif 
and  to  each  other,  and   are  true  joint*      In  igneous  rooks  all   the 
diTiaion-pJanes are  of  the  nature  of  joint.-..     In  sandstone-  these  bl< 
■   large  and  irregularly  prismatic;  in  .!■■■>■,  email,  coniosedlji  rhoa 
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m  aMk,  long,  parallel,  straight ;  in  "\  largo,  rcgulur, 

•i  fattft,  regular,  jointed, columnar;  in  granite,  large, irregularly 


Fn.  108.—  Regular  Jointing  of  Umntonc 

cubic,  or  irregularly  columnar.     On  this  account  a  perpendicular  p 
elifT  usually  presents  the  appearance  of  huge,  irregular  masonry,  with- 

I  .  llirllf. 

Tin  i  nift 

i-  probably  the  shrink- 

k    in   thfl 

i  from 
sediments  (lithitication), 
as  in  stratified  rocks,  or 
in  cooling  from  a  pre- 
Ttona  condition  of  high 
•  ire,  as  in  the 
igneous   and     metaiuor- 

rocke.*  no.  nn-omiiifaCoiuDm. 

Fk  ■  /■">■(  urea. 

-e  must  not  ho  confounded  with  jotnte.     .Tointa  are  erne! 
the  beds  ;    fissures  an-   fracture*  in  the  earth's 

<thi>/,  pi;  rough  many  strata,  and  even  sometimes  thrutiirh  many 

formationa.    The  former  are  prod  need  l>y  shrinkage  end  perhaps  other 
causes;  the  1  m*  of  the  eurthV  enmt.     Fissures,  there* 

more  miles  in  length,  thirty  to  fifty  f«-.-r  in  width, 
and  pass  downward  t.-»  miktn>wn  but  ecn  depths     3 

nfi.'ti  break  through  theornal  into  the  sub-crust  liquid. 

•  Ranbrta  think*  Ut»t  joint*  an-  iIim  to  cntst-moTomrnta,  especially  Ivy  tonirm  ;  and 
ion  thai  U»re  »w  all  gradation*  betwetn  joints  aiul  great  finurc*  (G4ol»£ 

«r»> 
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Cause. — The  cause  of  great  fissures  is  evidently  always  movements, 
either  by  foldings  or  by  liftings  of  the  earth's  crust.  In  either  case 
•uld  be  formed  a  parallel  rystotn  of  fissures  in  the  direction  of 
tin*  (olds,  iiml  therefore  at  right  angles  to  thfi  direction  of  the  folding 
or  lifting  force.  Fissures  an-  usually  thus  found  in  tyattHU  jiaralUi 
arrw/Kj  tin  him  Ires,  and  to  Hie  axes  of  mountain -chains.     Through  such 

BmtCQS  igncoiu   rook*   iii  n    fused    ulitioii   arc  often  V,,iv,-.i.  forming 

dikes  ami    overflowing  sheet-       I '■•  Miles  the  jirineijial  fissures  just  ei- 
;ilui  :■<],  I  liipkni.-  1 1.  in  -Ihavii  tint,  in  tin-  ease  of  the  fi  inn  at  ion  of  nun 
ains,  there  would  be  formed  also  other  smaller  fissures  at  right  angles 
ii>  i in'  <• 

rlv  always  the  walls  on  the  two  sides  of  a  fissure  do  not  corre* 

Bpond  with  aaob  other,  hut  one  side  has  been  pushed  ag  higher  a 

dropped  down  lnwer  than  the.  Other.     Sm-li  ft displtOBBMl  I    i 
j'iir/1.  i  dip,  or  dislocation.     This  may  occur  in  fissures  in  any  kii 
roi'k,  but  is  most,  marked  and  mosl  aaailj  distinguished  in  stratified 
rocks.     Winn  the  strata  uro  sufficiently  flexible  to  admit  it,  they  are 
bout  instvad  of  broken,  unil  a  moiioelinal  fold  is  formed 
fault  (Fig.  10.1).    When  the  fissure  is  tilled  at  the  moment  of  its  forma- 


/ 
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Pio.  IK.—  Scrilou  of  Nutrt»-Folil,  Scir  Mexico  (attar  Olltxrt). 

tion  with  fused  matter  from  beneath,  it  is  called  a  d\kt.  When  it  is  not 
filled  at  the  momenl  of  its  formation  with  igneous  injection,  but  slowly 
afterward  with  oihar  mnt/tr,  and  by  a  diffeimi  .  ii  is  called  a 

Dib$sm  bare  already  discussed  (p.  2(it.') ;  /vi/i,v  wo  will  discuss 
later;  we&rsOOnoerned  here  only  with  /nulls. 

Faults. — Tn  faults  the  extent  of  vertical  displacement  varies  from  a 
few  inches  to  hundreds  or  oren  thousands  of  feet.  In  the  Appalachian 
chain  there  occur  faults  in  which  the  vertical  dislocation  i-  5,000 to 


Fio.  19ft—  Pin.'  matVbglnb  irbonlteoiu)  (»ft»  tmligfr. 
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2n,iKMI  feet-      la   Southwest  \"ir"irii.i,  IO0OVd< 
ing  to  Rogers,  tb<-r«-  U  ;i  line  oi  fracture  ex- 
kll«]  to  tlio  Appalaohi 
ighty  miles,  in  which  iln-re  is  a  vort  i«ul 
dip  of  8,000  feet,*  tin  nIiiiiuii 

ighi  up  on  one  udfl  until  it  coiuee  in  con- 
junction with  ill.  Carboniferous  on 
]  BO),     i..,  Western  IVnn.-yl- 
v.inia,  a«-<"(inliii?  to  Leslie,  there  ^.another 
fanlt  cxtoniliiii:  for  twenty  mile*,  in  whiofa 

the    lowermost    of    the     Lower     Silurian    is 

ap  .11, ;,  level  with  tin'  uppermost  of 

the  Upper  Silurian,  «!>•>  Whole  Silurian  - 
being  at  this   phiee  'Jm.iiod  (,  rl  i  hi.  k.  ^  that 
oae  may  stand  astride  of  the  fissure  "with  oni 
foot  on  the  Trenton  limestone  (Lower  SUu- 

'.  and  the  otber  on  the  Hamilton  shales 
(Dvroaiao)>t     On  the  north  side   of  the 
ili    Mountains  there  ia  a  dip,  accord 

owell,ofi  noo  foot. J    The8< 

Valley  fault,  Utah,  may  !«■  traced  partly  ;h  a 

partly  as  a  monoolinal  fold,  for  235  miles 

(GUb  i  hi  the  west  ride  of  the  Wahsateh 

range  there  in  a  fault  of  10,000  feet  (King),1* 

and  on  the  east  side  of  the  Siena  one  of  at 
least  16,000  feet  (| 

Kut  nowhere  on  this  continent,  <>r  per- 
haps in  the  world,  aiv  fissures  and  fault 
so  grand  a  scale  a«  in   the 

•n  bounded  by 

and  the  Colorado 

Mountains.     The  whole  of  this  derated  re- 

i  is  traversed  by  a  system  of  north  and 

(tending     for   hundivd a   of 

miles,  by  which  the  almost  horizontal  strata 

are  broken  into  huge  oblong  prismatic  bl 

I'lie   slipping  of    tl 

oino  to  :i  lower 
:.  with  a  difference  of  1,000  to  5,000  feet, 


•  Din't  Manual,  p.  st».        \  Manual  of  Coal,  p.  147. 
J  Eiploralinti  ->f  Colorado  Eim,  p.  114. 

rrtj  of  the  fortieth  Parallel,  rol  I.  pp.  72R-74«. 
|  La  Conic,  American  Journal  of  .-'vk-nee,  tol.  avl,  p. 
101,  1*7*. 
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or  even  in  some  case-   18,000  Beet,  baa  given  rise  to  tho  remark 
scries  of  north  mid  Routh  cliffs,  which,  together -with  the  equally 
kable  east  and  vest  riifls,due  to  erosion,  to  be  den  libed  hereafter 

(p.  270),  farm  bo  striking  &  feature  of  the  scenery  of  this  region,     Tho 
accompanying  soctiou  mid  pors|>ee.tivu  view  (Fi  taken  from 

l'owdl,  shows  several  of  these  occurring  in  a  distance  of  90  miles. 

in.'1-i-  l'i.riu..:d   by  the   elevation  of  tfai  PlttOHI    NgSOB, 

md  are  parallel  m  tlic  axis  of  elevation  ;  on  aaofa  aide  of  vhieb  they  an 
arranged  with  ironderlol  regularity    They  were  formed  in  reryreo 

geological  times,  probably  lale   Pliocene  and  Quaternary.*  and 
reaching  oven  into  tho  present  epoch,  and  an  therefore  little  aft 
by  erosion.    Add  to  this  the  nakedness  of  t  in'  rooks  and  lbs  horizon- 

talitj  i if  the  serai 
& 
f~\ 


a 


— — V 


Flu.  1* 


is  easy  to  sec  what  ait  ad- 
mirable field   h  hi 
forded  for  the  study   of 
faults. 

If    such    slips     were 
suddenly      produced     by 

i  iol  i.i   convulsion, 
at  the  tim<  nation, 

there  must  have  been  '.i 
steep  (Fig.  108)  or  some- 
(ii  an  overhanging  escarpment  (Fig.  1  !)(>),  equal  to  the  dn> 

plaeeinent.    In  mmir.  cases  than  ia  such  an  esoarpment  or  line  "f  I 

mountain-slope  corresponding  to  the  line  of  slip.     In  the  Colorado 

Platoon  region  the  north 

and  south  dills  an  pro- 

dueed  by  fault-  I  IWcll). 
Zamlia    M  i.lllit:iilis, 

New    Mexico,   are  pro- 
duced  by  a  drop  of  11.- 
000  I' vi   on  the  western 
.  Leaving  an  eseurp- 

ment  stall  7,000fhel  high 
(Gilbert).  The  pm-ipi- 
ton  i  eastern  slope  of  the 
re  and  a/estero  slope 
of  i lie  Waheatoh  are  the 

Bit  of  faults.  In  the  Basin  Range  region  also  many  of  the  ridges 
an  formed  bj  faults.  But  in  many  cases  there  is  no  such  escarpment, 
the  two  sides  of  the  fault  bavins  Itch  cut  don  level  by  • 


••■  ■-"■»  -  • 


*  Dmton,  OoobgT  of  die  nigh  Plateaus,  p.  88. 


FISSURES,   OR   FRACT1 


•j:;i 


seqt.  'ii.  so  that  the  unprn  I  -  nothing  unusual 

•long  the  line  of  traetnre  and  dip.    In  Pig.  198  tb  line  a  a 

•hows  tin;  present  .  rhiie  the  dotted  IIm  B  0  B  thou 

alter  it  as  it  would  bo  if  uuaffocti'd  b]  Co 

many  canes,  however,  it  Momi  more  probable  the 

h  escarpment  ;i.s  n-iuvxenti'il  in  Fig.  198,  but  that  the  displace* 


E± 
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F».  «M.— -Section  IhrouRh  Portion  of  Platan  R«t)  ■"  Of  I'lan,  tuowiug  •  Suvvrttiun  »f  fta 

ltft«r  BOW  •  " 

it  W5is  produced  by  ft  slow,  emping  motion,  or  elee  bj  a  mofienfon 
unaller  sadden  dips  probably  accompanied  with  earthquakes  (p 
113),  and  that  that  tin-  slipping  and.  the  denudation  have  gone  on 

passu.    In  Fig.  227, on  page  255,  tin.-  upper  part  shows  t.i  8 
great  Uintah    fault 
■  red,    while    tho 
r  purtsh. 

•ulition  of 
things  prodneed  by 
eteefa 

Wlh'U    fillllW   OC-  -l)t.-rault  wlih  Clufigo  <.f  l>lp  :  rf,  <1lki . 

car  in  inclined  ontcropping  strata,  tin-  same  ncrii\s  of  strain  tun   bo  ''<- 

bod  several  tii  .]'.»'.».    In  such  a  case,  tl;."i>  ■ :  w  «aik- 

-(irfaco  <>f  tho  country  from  A  to  4?mighl  rappon  he 

series  of  nine  strata,  whereas  il;> ■<■>■  :m 
tin t  three  strata,  a,  b,  o,  three  lame 

prated.      I''i;».  200   ifl  I  natural  MCttOD 

shoving  ihi--.    SniiH'timcs  tin1  dip  of 

the  strata  on  tin-  two  ridel  of  a   faull 

;i;..'  r."t  parallel,  tin-  change  of  ira-iina- 
tion  being  affected  at  the  time  of  the 
displacement,  .-is  ihown  Id 
Upon  the  eroded  surface  of  snob. dis- 
located  strata,  by  rabaoonenl    si 
trata  may  be  nnoonfonnablj  d<  posited  ( E 
Law  of  Slip.— In  fault*  the  plane  o\  fracture  is . 

h  more  generally  it  is  moro  or  les-  In  such  ci. 

r  the  larger  nnmber  of  great  faults,  the  strata  on  the  npper 
(hat  v.  I)  of  the  fracture  havo  tlropprd  tlnirn,  wl  •trata  on 

•  {foot-wall)  have  gone  up.  a.i  in   I  md    .'"I 

nearly  all  the  previous  figures.    Tl  called  normal  uralta    In 

h  castes  of  strongly-folded  strata,  hovf*.  v.  r.  the  hanging  wall  seems  to 
hare  been  pushed  and  made  to  slide  upward  over  the  foot-wall  as  if  by 


x^ 


itfi 


pu 
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PW.9U.— tnroBfitmii'.j  do  Kwiltml  Strata. 
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powerful  horizontal  squaestng,    'I'l.i-  is  the  cam  with  tho  great  »l.i 

>nu:iir,,..,tL'!M  \' i 1 1,-i ii i a,  represented  in  Fig.  !!><».     These  are  called  r>- 


JWJ.— Section  itcroiB  TlB  ,  -liuvs  lri){  the  Low  of  Fault*  inftrr  Dp  la  B-   ' 

-    faults.     In  several  hundred  ca«en  of  grea    ;  .  .'  ly 

Phillips,  in  lliiL'iiiinl.  ih-.-wU  ail  followed  the  tar  of  Bonna]  faults.*  Rg. 
SO 8  i  1 1>  notion  across  Yarrow  Colliery,  in  which  nil  the  slip*  folio* 
Call  law.    Of  the  numerous  flips  figured  b\  1'  ibert,and  Hkni 

asoccurriri'j  in  the  Plateau  and   Ihisin  llungc  region,  nrarly  all  to 
this  law.     I  i_'.  ;.''.' -i  is  a  section  illustrating  this  fact. 
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FlO.  Xi  — Suction  ot  Paluuiuipu  Bugs,  Xerjuln,  ikOVing  OW  Law  of  KanUJ  (aft*T  OIlV«> 

Explanation  of  the  Direction  of  Slipping.— Bei  one  faults  arc  nearly 

always  I'miml  in  strongly-folded  .strata  such  as  tdiaracterize  the  Btr 
tire  of  meet  moun- 
tain ranges,  and  arc 
evidently      funned 
hy  powerful  lateral    jf 

rift**  The 
manner  in  which 
folds  are  pushed 
over  until  I  hey  Lr- 
como  reverse  faults 
is  shown  in  tho  ac- 
companying figure* 
(Jig,  806,  .1.  /;.and 

C).  In  extreme  C 
cases  the  fault- 
plane  beeomesneur- 
ly  horizontal,  C. 
These  are  polled 
f'  thrust-planes. 


Via.  205.— Dliigrnm»  showing  how  Berrive  Faults  are  fonnnl  (ifMrD* 
ktargarla  uiul  llv  mi  i. 


•  Phillips'*  Geology.  p 


fissures,  on  FiuCTirnns. 
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The  explanation  of  normal  faults  is  not  so  obvious.     In  tin*  ease 

of  great  foalti  of  thl  be  explanation  is  probably  ^  follows: 

I <obo  a  portion  of  crust  lifted  by  intumescence  of  mbmrm 
pro<:  'it  by  sooasi  i  Crom  shore  or  by  liyilm.-t.-itic press- 

are  transferred  from  a  subsiding  area  in  some  other  perhaps  distant, 
place.     The  crust  would  bo  broken  by  more  or  less  parallel  QBSl 
.  great  oblong  blocks  many  mflos  In  extent     Efface  the  flan 
•ro  usually  more  or  lees  inclined)  those  crust-blocks  would  be  either 
rhomboidul  or  "  906,  A).     At  i  ho  crust  rose  into 

an  arch  these  blocks  would  separate  (Fig.  200,  li).     As  soon  as  the 


S 


b*W^ 


Fm.  X6.  - 1>\  ignm»  vhowlng  how  Normal  Fault*  are  probably  formed. 

tension!  :,!!•  nf  clustic  Tnpors  or  lata  or  both,  the  blocks 

would  readjast  tbemaolTos  by  gravity  lata  aew  posfttona.    In  doing 

so  the  rhoniboidal   blooks  nhfij  would  lilt   ov.-r  on  the  Overhan 
•  on  the  obtuse-angle  side,  producing  in  every 
normal  faults,  and  the  wedgc-shapod  links  cde  would  sink  bodily 
lover  or  float  bodily  oighi  t  Booording  as  the  ban  of  tho  wedgo  was 

DpWOld  or  downward, producing  again  in  every  case  normal  hud  i 
shov,  ■.  206,  ' '.    'I'll,  result  of  such  readjastment  of  onut-bli 

is idmirably  ihown  on  a  largo  scale  in  tho  straotara  ol  the  Pssinro- 
gion,  and  especially  in  Southeastern  Oregon  (Fig.  207).     Tho  baetur- 


r».  air.-Strirh  ugh  W«rn«r  an.l  ,\r»rt  Ink«.  8.  B.  Orocrin  fatter  Roodl).    W.  X.. 

ftmnmlskm;   i  r  .  ajboh  I  iki        I    1  ,i  —*■■■*] 

and  tilting  here  have  boon  ao  recunt  (beginning  of  Qn 
erosion  has  hud  little  effect  in  modifying  the  orographic  forms. 

It  isecen  that  the  tt].lir;i\.-d   rid Muck  forms  a  mount- 

ain 1  -    dropped  side  forms  a  valley  on  which  drainage 

waters  accumulate  to  form  a  lake. 
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Tim  tl  pressure  or  cm 

vvr.sr  f.mlu  me  formed  ;  hut  where  llit-v  arc  formed  by  lateral   ten 
retching,  .  BOd.* 

Section  2. — Minkkai.  Virrxs. 

All  rocks,  but  especially  meumiurphic  rocks  in  mountaiu-reg 
:i  i*'    scan  it'll    and    BOftmd    in    c. .  i\    direction,    as    if    broken    and    101111 

mendad,  bi  If  wounded  and  again  healed.    All  such  seams  and* 
of  whatever  nature  and  iterer  process  formed,  are  often  called 

by  tin1  general  nam  0/v.     It  is  bettor,  however, that dikes and 80- 

ii-il  granite-veins,  or  all  cases  of  fissures  filled  at  she  moment  of 
format  loo  bj  igneous  injection, ;- 1 1 ■  > 1 1 i ■  1  bo  npuatod  from  the  oategorj 
of  veins.     Trno  veins,  then,  are  accnmulations,  mostly  in  fissures,  of 
certain  mineral  matters  anally  in  a  purer  and  more  sparry  form  than 
they  exist  in  tho  rocks.    The  accunmlai  [on  baa  in  all  oaaea  taken  | 
illy  bo  the  formation  of  the  Baanra,  and  by  a 
Kinds. — Tim:-  limit. '.1.  veins  nro  of  three  kinds:    Vtint  oj '  .■■■ 
turn,  vrini  of  i r^ltrafton,  end  great/Zw  ■-    Theee  three,  how* 

over,  graduate  into  each  other  in  BU0D  TOC  thai  it  i-.  often   difBonli   to 

rminc  to  which  wo  mmt  refer  any  particular  case.    Som< 
make  many  other  kinds,  but  these  may  be  regarded  as  intermediate 

■   tj  lea 

I.    I'einx  Of  Snir>!i)<t(it>u.—  \n   these  the  Vein*  matter  does  not  differ 

>\\-  Eroru  tin'  inclosing  rook.    Bach  arc  the  irregular  lines  of  granite 
in  granite,  the  Uiiet  differing  from  the  Inclosing  rock  only  ii 
texture;  also  irregular  reins  of  feldspar  in  granite  or  in  gneiss.     Under 

the  same  head  belong  also  the  irregular  streaks,  clouds,  and  blotches,  so 
fomiuon  in  marble.     In  these  ea--.es  there  seem-  to  lie  no  distinct  lii 
separation  between  the  vein  and  the  inclosing  rock — no  dit 
Hk  I'tiu,    The  reason  is,  these  reins  are  not  formed  by  tho  filling  of  a 
]u-i'vii.udy-ejdatarig  Beanie,  but  by  the  segregation  of  certain  mate) 

in  certain  spots  and  :»li hilt  certain  lines,  from  the  gem-nil   mil 
rock,  either  when  the  latter  was  in   plastic  condition   from   beat 

water,  or  else  by  means  of  pcruolating  «•<  mewhat  at 

me,  el:iv,  iron-ore.  ami  Hint,  are  formed  in  the  strata  1 1 

,'.  I'' ins  of  Infiltration. — Bletamorphio  rocks  have,  prohahlj  in  nil 

BaieB»heeaiBubjeete(l  to  pnwerfnl  i"  ■• :  '.Mill  prosa Besides  the  wide 

foldl  into  which  such  rocksarc  thus  thrown  and  the  great  fissurei 
inccd,tho  strata  aro  often  broken  into  small  pi ins  of  the 


•  Etca.lt'  lm*  eliown  (Origin  of  Mountain-,  ■•lmi>.  ■*  ■  i ■  ■  thai  Id  tunned  by  t««- 

rios  tod  resting  ""  ■■«'/  kind  "/  ybHimg  foundation,  whtthor  "olid  or  llnuid.  would  kettle 
no  an  to  form  nun  nlfURE     It  is  probable,  therefor.?.  th>t  ni  ilki    f.ailca  of  tlii* 
may  be  formed  without  a  «ulxru»t  liijuid. 


zing  and  crushing.     The  small   Assures  thus  produced  are  often 
filled    I  .tl  sccrriifi  from    tin-  walls,  or  B  rOoJating 

water*  lioliltii.  tin.  more  soluble  mftttWH  contained  i"  ttM 

rocks-     Tlii-  process  is  similar  to  the  filling  of  cavities  loft  bj  imbedded 
■i  pu  lam  I),  and  still  more  to  the  filling  of  vapor- bli As  in  traps 

luras,  and  tho  formation  of  u^'atvd  and  cam  han   amygdules  (p. 
ina  o£  this  kind,  therofure,  a  beautiful  n  rail 

I  by  till  •"  elf  position  of  difforait*0o1ored    mate- 

rial* rails  of  the  fissure.    Veins  of  this  kind  abo,  i  inoa  I 

are  the  tilling  of  a  prc-viousdv-e\L<tiiig  figure,  hov.  '-.     The 

miinonlyof  silica  or  of  carbonate  of  lime     iia.--h 
probably  larger  veins  of  this  kind. 
3.  J  —These  are  fillings  of  the  great  fissures  produced 

i|  i !..  oarth     crust.     When  theso  fis^i  Ulfd  at 

tin-  time  >if  formation  by  igneous  injection,  they  are  called  tlikx*  ■  but 
if  subsequently  with  mineral  matter,  by  ■  different  pi 

■  are  fttture-whu,    Then  veins,  therefore,  Um 
dikes,  on  er  the  surf  the  ooontry  often  for  many  m 

fifty  or  more.     Like  dikes  are  often  mni  'iih.itud 

.known,  bat  certainly  wry  great,  likes  and 

alao,  they  occur  in  parallel  sysi 

Characteristics.— The  most  obvious  characteristics  of  the  veins  of 

olan  are  their  rita,  their  amiiituitg  for  great  distance!  sod  to 

nth.-,  and  their  occurrence  in  jwrt  Asthettinis 

of  a  preview  ing  ik-ur.',  the  distinction   between  the 

and  the  wall-rock  is  usually  quite   marked.     In   many  OBBSB,  In 

vi  in-filling  id  separated  from  the  wall-rock  bj  a  layer  of  tens* 

■  matter  called  a  $itvage.    1  ge  is  probably  foRDed 

tion  of  the  wall-rock  in  immediate  oontaol  v,nh  the  vein, 
i/s  "f  fissure-veins  are  also  fai 
ir<l  than  those  of  other  classes. 

Metalliferous  Veins. — Some  metal-,  partienlarly  fam,  occur  prin- 
cipally in  great  beds,  b  Qmutsted  by  a  proossi  already  described 
•  1 1.     Others,  especially  had,  often  aooumnlate  in  Bat  cavities  be- 
especially  of  limestone.    J5 : i r  ddosI   met  Of  in 
veins.     All  the  kinds  of  veins  mentioned  shore  maj   oontain  metals, 
but'                         insert  u.ii. ill',  too  irregular  and  uncertain,  and 
oo  small,  to  be  profitable.     True,  profitable  mi 
i  bi  veins  are  almost  always  groat  fbwire-eatm.     Wt  wi 
therefore,  principally  of  tbese,  and  the  further  description  of  fissure- 
aken  under  this  head 
Contents. — The  contents  of  metalliferous  veins  are  of  two  general 

.' njf.t  and  ore*.     The  prim:,  staffs  arc  Quarts, 

Carbonate  of  iar),  carbonate  of  baryta,  carbonate  of  iron, 
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sulphate  of  baryta    (heavy  spin"),  and    fluoride   of   calcium    (flttOT-apar). 
By  fur  tli.-   ::  :i 1 11 1 tu  of    theso  is  </ucn/z,  und  next    is  <■<;)■., 

Oft  W,  the  vcin-snitl  is  an  aggregate  of  minerals  forming  a 

true  rook.    Ready  the  whole  of  a  rain  oonsisni  aaoalh  oi  retn-etnfl 

Tin-  -  n>  ■•i<iii])i*nitivi-lv  small  quantities,  sometimes  funning  a 

i  ■  •  1 1 1 ri*l  rib  oz  thtttt  u  if  deposited  lu.-i  (Fig.  80S.  a  b)\  .-<.nn  nines  in 
[rregolai  I  masses  cull ^ i i  bunches  mull  strings, 

or  gKUDa,  irregularly  toattand   through   the  vein-stuff  nntl  extending 
often  u  little  way  into  tlic  wall-ruek. 

Tli'  i  which  metals  occur  arc  very  various;  mine- 

times  they  oootu  ai  pure  metal  (as  always  in  the  case  of  gold  and  plat- 
inum, and  Bomatiniei  tn  the  caw  of  silver  and  copper),  but  more  com- 
ni"niv  in  the  form  of  metallic  sulphides,  metallic  oxide*,  an  I  i  tetallic 
carbonates.  Of  these  the  metallic  wXpk&H  are  by  fur  tlio  most  com- 
mon, li  i-  worthj  df  ivmurk  that,  all  I  rma  ore  oomparattt 
very  insoluble.     The  same  is  true  of  the  vein-stuffs. 

Ribboned  Structure.— Tim  ribboned  or  banded  structure,  alrvady 
spoken  of  under  Veins  <>f  Infiltration,  is  u-jy  commonlj  bond 
ii.sMiux'-\(  ins.    This  strni' tun-  is  us  c&araotaristio  of  Tehu  as  the  colnm- 
na-r  structure  is  of  dikes.     The  layers  on  the  two  sides  assail)  DOire- 
spoii'l  fco  each  other  (Fig.  2(>S):  .-..m. -times  the  successive  layers  a  v. 
different  color,  giving  rise  to  a  beautiful,  striped  up) 
limei  the  IQCec.-.-.ive  layers  ..n  both   sides  are  oF  different  materials, 
in  Fig.  809,  in  fhieli  the  eentnd    lib,  <?.  •'.  b  by  C  < . 


Fjb.  an. 
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successive  layers  of  qnartz,  flnor,  and  biirytn.     Sometimes,  in 
quartz-filling,  the  layers  aro  agate,  except  the  (.'enter,  which  is  filled  up 
with  a  comb  of  interlocking  crystals,  as  in  Fig.  210.     The  some  occurs 

i  in  amvgdnlcs,  the  last  tilling  being  crystalline.     Bom 
is  evidence  of  successive  openings  and  fillings,  as  in  Fig.  an,  where  a 
-I  in-  quart /.-crystals,  interlocking  in  the  ■•  enter  and  based  on  agate 
LayerBi  ^  ^  while  e  repreeenta  quartz  with  disseminated  copper  pyr 
In  this  case  it  seems  probable  that  l   and  '.'  were  the  trails  when  the 
agate  ami  quartz-filling  took  place,  and  that  afterward   the   fissure  was 

ened  along  2,  so  that  the  walls  became  2  and  :i.  and  the  new  fiV- 


Irregularities. — Although  more  regular  than  other  kinds,  yet  fis- 
sure-veins are  also  often  quite  irregular — sometimes  hrancliing,  eomo- 

ea  narrowing  or  pinching  out  in  Bom  uing  ia  others 

ometimes  dividing  and  again  oomiag  i  md  thus 

inclosing  m  of  the  iraU-rook  (Fig.  914).    Such  an  iuclosed  mass 


Pm.  m.— ImRiiUrliln  in  Vuiui. 


Fiu.  914.— Irropil«rtlio»  la  V«tan 


of  country  rock  in  -f  a  vein  in  called  a  utom.m     Many  of 

these,  ir:  ■        l  toebly  the  0 etttaj  after  the  fis- 

«dre  was  fori  in  after  it  ma  filled.    Tiros,  \i>tbc.d  (Fig.  213) 

I  Mf  an  Irregular  vein,  then  it  h  probable  bhal  n1  J  <■'  <F  was 
the  original   position  of  this  wall;  bat,  befort  it  was  lilU.-d.it  slipped 
position.    Or,  an  open  fissure  may  pfneb  together  in 
places  by  win  toping  of  the  strata  of  the  wall,  i.  e.,  a  mash- 

ing and  filling  in  hy   pressure   of  superincumhrni.    weight      A 
mentd  may  reopen  a  fissure  afler  it  ia  filled,    in  such  oases,  if  tho 
;  of  tho  filling  to  the  wall  in  strong,  portion*  ol  tbe  wall 
are  torn  away;  and,  if  n  second  filling  takes  place>a  "■  horse"  i-  fonnsdi 
Th>.  \A  b  b  b  (Fig.  214)  represent  the  two  original  walls  of  an 

irregular  but  mbeequent  movement  reopened  the  insure  lob' 6' b' 
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and  tore  away  the  boon  //,  ;ifi.r  which  (he  win  raa  again  filled.  Also 
crusi-jiHiM ma               form  oobonljaBing] 

ee  many  small,  imgolaz  fractureR)  with  wall-Mel             a.  The 

filling  ni'  these,  Conn  irregular  reins  in  which  vein-stuff  I  inn* 

tricablj  mingled  witb  country  nick.     The  vein  may  thus  be  fill 

a  free?  o/hortMi    Finally,  in  mum  kn  Ids,  especially  lime^t •  slat- 

ing nvtoM  will  boDow  oat  posaages  in  the  most  irregular  way.    These 
tarn  lillcil  with  rom-rtnfl  and  give  rise  to  irregular vet] 
Veins,  of  son  o%  inttreect  the  strata;  lmt 

where  BtnnvplanM  are  highly  taolinsd  the  opening  is  bi  Mieac 

jili >,  ami  "lie  wins  :m\  therefore,  conformable  with  them. 

Age.— The  rilnliry  J.'.'  nf   wins   in    tin.-  iiunc  n  rion 

in  the  bum  way  as  that  o(  dikes,  viz.,  by  the  manner  in  which  I 

int..  nsaol   each   at  her;    tho.  in- 
tersecting vein  being,  of  course, 
younger  than   the  intersected 
in  Pig.  815,  v, 

is    u    section   of  :i    hill  .  nil.    in 
Cornwall,  it  is  evident  tint: 

tin  vein,  '■•  li  the  oldest,  ai 

it  is  intersected  and  slippe 
all   the  others    The  copper- 
m  in,  b,  is  older  than  bbi 

tilled    nature,  <-.    There  is  a 

fourth   fissure,  <!,   newer   than 
n,  Inn  it  -i  relation  to  h  and  C  is  not  shown  in  I  lie  let  lion. 

Thfl  abeotufi  ape  of  fissure-wins,  ui  the  u'c"l"vieal  period   in  « 
ii  .•  ..iiii'.i,  can  only  he  determined  by  the  stratified  ro 

Ihrongh  which  it  bresfca     The  lead-veins  of  Cornwall  (6  6,  P 
break  through  the  Cretaceous    Their  li  re  probably  formed  by 

iroacdllaUo  h  closed  the  Cretaceous  end  inan 

the  period.     Tin'  ins  of  California  break  thrt 

the  Jurassic  :  and.  as  there  are  good  reasons  for  believing  that  the  Sierras 
were  Berated  at  the  end  of  the  Jurassic,  it  is  probable  that  these  fissure* 
WBte  formed  lit  that  time  by  the  foldings  of  tho  strata  consequent 
the  pushing  up  of  this  ranee.     The   filling,  of  course,  was  a  slow,  ,-nli- 

■it  operation)  but  oommenoed  then. 

Surface-Changes. — Mineral    veins  seldom   or  never  outcrop  0! 
surface   in  the  condition  we   have  described  them.     On  the  contrary, 

■  certain  changes  which  thej  undergo  through  the  influence  of 
atmospheric  agencies,  which  render  their  appearance  alone  their  ont- 
orop  quits  different  from,  that  of  the  same  vein  at  some  depth  be) 
A  knowledge  of  these  changes  is,  of  course,  of  the  greatest  praol 
importance.    They  are,  however,  extremely  various,  differing  not  onlj 


J 
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according  to  tho  metallic  :ontrnt.-,  but  aloo  according  to  1  oof 

the  vein-staffs,  and  therefor-  mrul  bs  teamed  '>>•  obe  In  sub 

itey.     VYe  will  give  three  of  tho  most  constant  as  illustrations. 
Cupriferous  Veins.— Tin-  original  form  in  which  copper  teems  to 
exist  in  fi  "pper  pyri/<.-t  :i  ili'nhU'  sulphide   of  copper  mid  iron 

oloug  (ho  back  or  outcrop  of  copper-Tains,  in  a  depth 
of  thirty  Uim  iiMi:illy  contains  no  copper  at  all,  bat 

consists of  rein-etoff  (mora  or  k-s.*  changed,  according  to  its  nature), 
among  which  arc  scattered  masses  of  a  dork  reddish  or  brewl 
hydrated  teo(  iron.  I  •jtiim.    This  peouliar 

form  of  peroxide  of  iron,  n  characteristic  of  tin-  outcrop  of  ropper- 
i  by  the  (''>nn.-ii  miners goswtii and  bj  the  German  and 
.'/ ;  eftopi  r).    Below  the  in- 

fluence of  atmospheric  sgenciea  the  rein  is  in  it*  ■  ■  ondition,  i 

me  containing  id  mosses  ol  cop]  upyriioa 

Just  at  tho  junction  of  the  changed  «itli  tbfl  ttBohangcd  vein- 
ranning  aloi  g  the  back  of  a  si  i  depth  varying  from  tliirty  to 

sixty  feet — occur  rich  accumulations  of  copper,  as  native  copper,  red 
and  black  oxides  of  copper,  green  and  bint  itosof  cop] 

These  facts  aura  illustrated  by  Fig.  2 if,,  which  is  a  section  i,f  tin.-  Dm  k, 

town  mines  of  Tennessee.    The 
irregular  -,  is  tho  out- 

lint-  of  a  hill,  along  the  crest  of 

which    llic    VJBJI]    0UU'l'O|M<;    till' 

jmrt  h  consists  almost  wholly 
of  gossan,  with  only  small 
masses  of  quartz-vein  stun' 
is  the  rich  Bccumolatlon  of 
copper  ore,  bore  about  tare  or 
three  feet  tlti.-k:    sod  oil  the 

onohangad  n  isting  of 

stuff,  inclosing   Arsenical 

pyrites,  and  copper  pyrites  in 
-  large  quantities, 
•menu  may  In?  explained   ;i-  follows:  There  can  bo  no 
doubt  that  the  gossan  represents  co|  m-*,  from 

has  been  entirely  washed  out, leaving  the  iron  in  an  oxidised  e 
Thai  the  whole  of  the  copper  from  I,  (and  probably  from  much  more 
than  b,  fi  dation  has  gone  on  pert  poeftf  with  the 

procnwi  of  leaching)  has  been  leached  out  and  accumulated  nt  a.  Fur- 
ther, it  is  prol»k)>le  that  the  process  was  as  follows:  When  copper 
pyri:  loaed  to  moist  air  it  slowly  oxidises  into  sulphates  of  iron 

end  copper  (CuFeS,-|-80=FoS01  The  Jws  sulphate  (pi 

eWy  assist**!  by  reaction    with  alkaline  or  earthy  carbonates)  quickly 


Fi* 


I,..* 


fl*H' i"|.|"i  Viiu,  itlOW- 

liaafra  ijtSlc!  SitT.-r.li. 
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pit  bom  Into  ferric  oxide  and  ig  left  in  condition,  while 

copper  sulphate  ic carried  downward.  This  much  seems  certain,  but, 
by  what  subsequent  process  the  copper   takes  ull  tin-  furnis  actually 

nl  at a,u  little  nndewtood,  although  it  i.-  probable  that  the  car- 
bonate is  produced  by  the  rotation,  on  the  sulphate,  of  waters  contain- 
ing alkaline  carbonate  nr  bicarbonate  of  lime.* 

Plumbiferous  Veins.— The  natural  or  original  form  in  which  lead 
OOCUTB  -ii  veins  is  sulphide  of  lead,  or  gukiui.     Hut  along  tin1  bad. 
ontcropa  of  leadyrebu  ii  is  found  mora  oommonly  ai  to.    Tl.. 

ination  seems  to  bo  as  follows  :  Lead  occurs  moel 
nee  ting,  or  in  sheets  between,  strata  of  limestones.     It  is  probable  thai 

i  he  galena  (I'bS)  is  oxidized  by  n«  ti  ueies  and  beeomni  sulphate 

(IMiSO(),  iiml  then  the  sulphate,  by  reaction  with  tin-  carbonate  of  lime 
derived  from  Hw  waH-rockoTfrou  the  ealc-apar  of  the  vein-stuff, be- 
oomei carbonate,  tons:  Pb80A4-OaCOt==PbOOa-fOaS04.     in  proof 

nf  this  prt»ecs>  ii  fa  stated  f  that  galena,  thrown  out  of  the  old  mini 
Derbyshire  among  rubbish  of  limestone,  has  all,  in  the  coarse  of  ages, 
been  e  hanged  tato  carbonate.     \iinvi.iiT,  it  ig  not  u  in  to  find 

in  lead  veins  masses  of  sulphide  ohanged  on  the  outside  into  carbon 
Auriferous  Quartz- Veins. — Hold  is  found  either  in  qua  s,  in- 

sating  motamorphio  alatea  (qnarts*mlnes)  or  In  gravel-drifta  it . 
vioinity  of  these  (placer-urines).     Originally  it  existed  in  the  quartz- 
veins   ii  -  mil  1  v  naWMlintod   With   metallic  sulphides,  particularly   the  ml- 

pliideof  iron  (pyrites).     If  the  pyrites  bo  d  in  nitrioaoi  I.  ii'- 

gold  ia left aa minute threada  and  oryetate.    Evidently, I  i  tist* 

in  minute  threads  and  crystals  scattered  through  the  pyrites.  No*, 
when  such  a  vein  is  exposed  to  metoork  ageai  las,  tiie  pyrites  is  oxi- 
aa  soluble  iulpbato,  and  carried  away,  and  partly  as  insol- 
nble  reddish  peroxide,  which  remalna.|  The quartz-win atone  is,  there, 
fore,  left  in  a  honey-comb  i  n  by  the  removal  of  the  pyrites,  aad 

more  commonly  stained  of  a  rusty  color  by  the  peroxide.     Among  the 
of  this   roaty  cellular  quartz  the  gold  is  found  in  minute,  sharp 
grains,  evidently  left  by  the  removal  of  the  pyrites.     Bence,  In  an 
auriferous  quartz-vein,  along  the  outcrop  to  a  depth  of  thirty  to  j-ixlT 

(bet  (i.  a?aa  far  aa  meteoric  agencies  extend)  gold  is  found />«  in 

small  grains  among  the  cellular  quartz;  but  below  the  reach  of  these 
BOtee  ii  is  Inoloaed  in  thu  urukvuiiiposed  pyriti 

Placer-Mines.— If  a  mountain-slope,  along  which  outcrop  auriferous 
qtiurtz-veiiis,  be  subjected  to  powerful  erosion  by  water-currents,  I 

*  Hirotmt",  Ghtoriesl  ud  nrjebal  Qeologr,  ioL  ai,  p.  aoo. 

•f  DV  In  Hi-i'Ih ■,  iii-iilii'.'ie.-il  (Jhwrror,  p.  794. 

}  Pcobablj  Aa  Iron  mlphM*  i*  oxldiMd  t<->  tlia  condition  cf  mlphate,  them  reduced  to 
certxraste  br  watar  containing  alkaline  carbooat<   01  iMi-srUoaatc  ol  lime,  and  I 
oxidized  by  exchanging  carbonic  aokl  for  oxygen  (Bi*cl>  i 
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<is  will  bo  found  gravel-drifts,  composed  partly  of  the 

country  rook  nod  partly  of  the  (roarta  vcin-sumc.    Among  the  gravel 

uill  be  found  particles  of  gold,  washed  out  from  the  upper  parti  of  the 

vein-.      By  the  sorting  power  of  water  the  heavy  l*i>1<1  purtii  led  are  apt 

cumulate  mostly  near  tho  bod  of  the  gravel- dopoeit  (bod-r< 

■*J  gravel  an  the  phtrrrs.     In  these,  tho  gold -particles,  like 

'fngmesta,  arc  always  rwirihd  and  worn  by  attrition. 

Lata  affecting  I ■■'■■■    0    ■  ■■rence  and  th«  Kichntss  of 
Metitiliferoux   Veins. 

1.  Metalliferous  v:in$  ooeuf  vionlhj  in  di*tnchcd  and  hiyhU/-, 
\it  regions,  where  the  strata  are  tilted,  and  folded,  and  metamor- 

The  tilting  and  folding  are  necessary  to  the  formation  olfis- 

and  the  conditloni  under  irMeh  metamorphism  takes  phu  •■  :-.-i-7ii 

ssary  fur  the  nuhooquantjKKiy  with  mineral  matter.     .Mineral  \  'in.-, 

Bf ore,  occur  mostly  in  N  ivy/./jj.-',  mel  [fl  t lie  vicinity  of  more 

less  obvious  evidences  of  it/neous  agency.     Lead- veins  seem  to  be  an 

exception  to  this  rule.    The]  an  often  found  in  undisturbed  regions 

where  the  rocks  are  entirely  nm-hanged.     The  rich  lead-mines  of  Illi- 

lo«a,  and  Missouri,  are  notable  example.-,  the  country  rock  being 

ifi  :-i  in-  .  limestones  of  the  Paheozoic  era. 

■>ns  veins  occur  mostly  in  the  older  rocks.    In  Great 

■  1 1  pit-*,  no  profitable  veins  occur  above  the  Wat,    This 

rule,  which  v  ■•']  as  of  pn-at  importance  by  the  oldar geologists, 

it  ao  regarded  now.    There  seems  to  be  ihm  luseoimurtimi  In -i 

occurrence  of  metalliferous  veins  and  simple  age  the  eon- 

i  metamorphlsm.    Metamorphlsm,  ai  m  have  asan, 

I   common  in  the  older  rocks,  ami   becomes  more  mid 

•nal  as  we  pass  upward.     The  occurrence  of  metalliferous 

veins  follows  the  same  law.     15ut  when  the  newer  rocks  ar<<  metnmor- 

y  to  contain  veins  as  are  rucks  of  the  older  m 

taUiferotu  veins  of  California  occur  in  Jurassic,  CrotaceonH,  and 

even  Tertiary  strata;  but  these  strata  arc  then  highly  me  [amorphic,  and 

stronyly  folded.     In   Bohemia,  also,  and  elsewhere,  metalliferous  veins 

occur  in  the  higher  series  (Phillips's  Geology,  p.  549). 

2.  Pan?  are  apt  to  hare.  "ontonts,  while  veins 
running  in  different  directions  (union  gomotimoa  at  right  angles)  an  apt 
to  contain  different  metallic  contents.  Thus,  the  nearly  east-and-west 
lodes  of  I  11,0  a  a  and  o  0  (Fig.  217),  contain  tin  and  copper, 
while  the  north-and-south  courses,  b  b,  contain  lead  and  iron.    The  au- 

s  of  California  are  parallel  to  each  other  and  to  the  9 
nu,  except  a  few  smaller  ones,  which  are  at  right  angles  to  :h  ■  ■<  ■.    The 
reason  of  thll  tlmt  parallel  fissures  belong  to  the  same  system, 

and  erero  therefore  formed  at  the  same  time,  broko  through  tho  same 

It 
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strata,  ami  were  filled  under  similar  conditions,  and   therefore  vwit !i  tin' 

same  materials;  while  fksurcs  running  in  differs! 

some  caaea  at  right  uugles,  p.  22S)  were  probabl)  formed  at  different 
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Flo.  217. — Map  of  Cornwall:  a  ud  c,  tin  anil  copper;  A,  lt*J  nnc!  Iron. 

times,  broke  through  dilTcrent  strata,  and  were  filled  under  diU 
conditions.     Tli  us,  the  east-nnd-west   veins  of  Corn  wall,  a   a,  are  pre- 
triassie;  the  north-east  and  south-west  voins,  c  c,  break  througl 
Trios,  and  arc  therefore  post-triassic,*  while  tlw  north-ond-south 
break  through  the  Cretaceous.    The  auriferous  vein-  el  Califon  i 
break  through  I  he  Jurassic;  they,  or  their  fissures,  were  probably  pro- 
duced at  the  same  time,  viz.,  at  the  time  of  poshing  up  of  the  Stems. 

I.   A  change  of  country  rock  of  an  outcropping  \> -it.  i 
mine  some  change,  either  in  the  contents  or  in  I  b  i  ss  of  the 

.  there  is  not  thut  close  connection  between  the  nature  of 
the  country  rock  and  the  vein-contents  whioh  obtains  in  infiltrative 
veins.    The  reason  is,  that  infiltrative  veins  derive  ntentsenti 

from  the  wall -fork  on  either  side,  while  ti-.-u  re- veins  derive  their  contents 
froii  i  rati  through  which  they  break,  even  to  great  depths,  ami 

especially  from  the  deeper  strata.     The  nature  of  the  surface  or  country 
rock  is.  therefore,  only  nun  factor,  determining  the  vein-eont.uts. 

5.  Metallic  veins  are  usually  richer  near  their  point  <>f  inters 
with  granite  or  with  an    igneous  dike,   especially  if    the   strata    have 

siitl'iii  I  metai -pliisin.    This  shows  tin-  influence  of  such  heat  as  u 

present  in  inetamorphisni,  in  determining  the  mi  hdlio  contents. 

6.  If  two  veins  cross  each  other,  especially  if  at  small  angle,  one  or 
both  are  apt  to  bo  richer  at  the  point  of  crossing.  No  sufficient  reason 
has  bean  for  this  law.  It  is  probably  duo  to  the  reaction  of 
waters  bearing  different  materials  circulating  in  the  two  fissures. 


T1IK0KV   M   -VKTALL1KEKOLS   VEINS. 
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■  ■  veins  are  tin.'  fillings  of  fissures,  they  are  often  ftlipp 
each  otln  or  by  aimnta  unfilled  Baanrna    If  a  metaUUaroaa 

v«n  is  thus  slipped,  accord ing  to  the  L»w  oj  ilipa  aliaadj  given  (p.  891) 

the  foot-wall  of  the  vein  has  usually  gon  :  tbfl  hanging  wall 

.ped  downward.  The  great  importance  of  this  law  in  practical 
raining  banfiiuiuntly  obrionaa  All  the  alipa  of  Effg.  215,  exoept  thai 
ina<i  fissure  c,  follow  this  law, 

js.  Tit?  ntr/c  tfiont  are  to  be  learned  by  attentive  obaacva* 

aoh  oaaa    We  have  already  giTen  these  in  the  case  of  oop] 

lead,  and  gold. 

Thtory  of  Jldttlli/trnu.s  I. 

knowledge  of  the  conditions  under  which,  and  t  lit-  chemical  pro- 
cess by  which,  fissures  have  been  filled  with  mineral  matter,  in  wt,  u> 

tetront  n     ttoot    Kanj  id  arodetheorief  bare  been 

jirojM..-it'(i.    Some  havo  mppoeed  thai  they  have  bean  tilled  in  the  man* 
net  of  dikes  and  granite  vstna,  by  igneous  injection  ;  Othara,  that  tin  -c 
fissures,  opening  below  into  the  P  -dous  of  incandescent  bent,  i ; 
filled  by  sublimation,  i.  e.,  by  vaporization  of  certain    materials  and 
the  -  virion  in  the  fissures  above.     Some  suppose  that  «•].  < 

currents,  anoh  aa  are  know  ttien  to  traverse  oarta 

have  been  the  chief  agents  in  the  transference  and  accumulation  of  the 
mine  nil  matter.     These  threo  theories  may  be  ili-mL->cd  as  being  tUV 

aanal  -e  as  too  hypothetical.    Stall  othen  have  thought  that  \ 

fissures  have  filled  in  the  same  mann  t  nllor  BflBurca,  and  oaf* 

itictf  of  every  kind  found  in  the  ,n>eks,  viz.,  bj  infiltration  of  soluM.- 
matters  f ron;  i   rocks.     Than  is  certainly  Oaaud  -nal- 

:  small  infiltrative  reina  and  great  fissure-veins  in  l 
'hero  is  a  decided  difference.    The  filli 
of  infiltrative  veins  are  darlTed,  In  aaofa  part,  entirely  from  the  bound- 
ing  lide.    The  fissure  ia  flHed  by  a 

froi  .  i  the  broken  rocks  heal  themselves  "by  first  intent* 

by  means  of  a  plasma  oozing  from  tl  e  sides.     But  great  fiaaare-vi 
ontenU  ia  each  part  from  all  the  strata  to  great  da] 
and  •eperially  from  I  Hence  tho  contents  of  these 

are  far  more  varied. 
Outline  of  the  Most  Probable  Theory.— The  contents  of  mineral 
reins  accin  to  have  been  deposited  from  hot  nlkuhnt  mlu  unlng 

up  through  fiajnrea;  in  other  words,  from  hot 

will  attempt  to  show  this  tirr;t.  for  the  rein-si  ■  natty  'juartz,  and 

i  gg,  especially  the  metallic  sulpli. 
Vein-Stuffs.— 1.   I  iluHetu.    («.)  The  ri£- 

•  tnd  the  interlocked  crystal*  (Figs,  810,  811)  BOggaaf 
a  successive  deposition  from  aolution,  especially  as  a  similar  structure 
occurs  in  the  fillings  of  cavities  of  all  kinds,  which  could  not  h 
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filled  in  any  other  way.     (A.)  Quartz  is  by  far  the  most  common  of  all 

vein-stuffs.     Now.  us  already  explained  (p.  2\!4),  there  are  two  varieties 
of  silica — one  having  a  specific  gravity  of  2-2,  the  otl  dry 

way  produce!  only  mi  arts-glass,  which  has  a  specific  gravity  of 
while  the  variety  of  specific  gravity  2*6,  or  true  quartz,  can  not  be 
formed  except  by  the  humid  way.*  In  fact,  this  variety,  as  far  as  wo 
know,  is  always  produced  by  slow  deposition  from  solution.  Now,  the 
quartz  of  veins  is  always  the  variety  2  i>,  and  therefore  was  produced 
by  Blow  deposit  from  solution.  The  beautiful  crystals  so  often  I 
in  veins  could  be  produced  in  no  other  way.  ('•. )  We  have  already 
seen  (p.  224)  that  fluid  cavities  are  a  proof  of  formation  by  humid  pro- 
!•'••.      Viu,  .ii.h   iluul   eavitien  ;nv  ly  abundant  in  vein-stuffs 

generally.    Thoy  are  beat  seen  in  quartz-vein  stuffs,  because  of  their 
transparency.    ('/.)  hTot  only  quartz  but  many  other  minerals  foi 
among  vein-stuffs  are  of  such  nature  that  it  is  dillieult  or  impossible  to 
understand  how   they   could   have  been   formed  except  by  the  humid 
(faj,  as  they  will  not  Stand  fusing  temperature. 

2.  Thf  subitum*  wtn  hot.  (a.)  Fissures  running  deep  into  the 
interior  of  the  earth  could  hardly  remain  empty  of  water.  Bnt  I 
thru  great  depth  the  contained  waters  mu6t  be  hot.  The  solvent 
power  ol  water,  when  heated  to  high  temperature  under  pressure,  is 
well  known.  Scarcely  any  substance  wholly  resists  it  (6.)  The  fluid 
eanttU  found  in  quartz  and  other  vein-stuffs  are  not  usualh 

filled,  but  contain  a  small  wuuotts  apace.  Such  a  vacuous  space  in«li- 
oatei  (p.  '-'-"')  that  the  knoloaed  liquid  was  at  high  temperature  at  the 
time  of  being  inclosed,  and  has  since  contracted  on  cooling.  By  heat- 
ing the  mineral  until  the  cavity  fills  and  the  vacuous  space  disappears, 
we  ascertain  the  temperature  of  deposit.  Now,  by  this  process  the 
peratnre  of  deposit  of  vein-minerals  has  been  ascertained  to  vary 
from  ordinary  temperatures  even  up  to  8  850  -t     i'-l  The  in- 

Tariable  association  of  metalliferous  veins  with  metamorphuuu  demon- 
itratOI  the  agency  of  bent. 

3.  Ttw  unfit/ions  were  alkaline. — Alkaline  carbonates  and  alkaline 
nlphidai  in  the  only  natural  solvents  of  quartz,  the  commonest  of 
-. .  in  -  -t  i:  tr-.  tforeorar,  when  these  waters  rontain  excess  of  carbonic 
acid,  as  is  almost  always  the  case,  they  dissolve  also  the  carbonates  of 
lime,  baryta,  iron,  etc.,  the  m-xl  i  >mmon  forms  of  vein-jtuffs.  In 
California  and  Nevada  such  hot  alkaline  carbonate  and  alkaline  sul- 

le  springs  abound,  and  are  daily  depositing  silica  (quartz)  and  car- 
bonates of  lime  and  of  iron,  and  even  in  some  cases  filling  fissures. 


•  Rccratlr  under  pectdur  conditions  crTeUllbed  qutrtx  of  specific  gruritj  2  4  b»>  Ucn 
formed  In  6  SHHlUsn  Journal  of  Science,  toI.  xtI,  p.  163,  \>  \ 

iu»rtLTly  Journal  of  the  Geological  Society,  vol   xlv,  p.  463.  tt  ty. 
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.—There  seems  no  reason  to  doubt,  then,  that,  in  most 

t-stnfh  have  Iiihmi  deposited  fr hm  alkaline  sohv 

i  evident,  from  their  intimate  association  with  the  \>-\n- 
stuffa,  that  tl  9Ttt  must  have  boon  deposited  fa 

Theexaot  nature  of  the  solvent  mid  the  chemical  reaction 
II  very  doubtful.     We  may  imagine  many  by  either oi  which  the 
might  take   place:   1.  Metallic  Slllphidu  an-   bj    fur  I 
common  form  of  ore,  and  oven  whon  other  form*  exist  WO  may.  i'i  many 
east-.-  'Mil  to  sulphide  SI  theif  original  form  (p.  S89,  ct  *e<i.).     Kut 

metallic  sulphides  are  slightly  notable  in  alkaline  sulphides,  and  i 
latt-  I  associated  with  alkaline  carbonates  iu  hot  springs 

(solfataras),  as  in  California  and  ■  Isowhere.     Such  water*  would  hold 
in  solution  silica,  oarbonatee  of  time,  eto.,  ami  metallic  sulphides, 

ing  up  through  fissures,  would  depoeit  tln-m  both  bp  oodKng  and  by 

rtlief  of  pressure.    Or,  2.  Alkaline  oerbonato  waters  holding  in  sokv 

tiou  silica  and  limo  carbonate  tor  veuvstone,  and  also  containing  alka* 

snlpbide,  meeting  and  mingling  in  the  same  fissure  with  other  waters 

containing  metallic  sulphates,  by  P  would  preoipitate  metallic 

hides  (NaS-fM804=Na804-f-M8).    Thia seems  to  be  ths  reaction 

by  which  tin*  inky  waters  of  some  of  the  hot  springs  of  tin-  QtUfornil 

genera  are  fonned.    Or.  3.  The  alkidine  oarhonatoi  still  remaining  for 

-stone,  metallic  sulphates,  in  solution  in  the  samo  waters  with 

matter,  would  be  rednoed  to  the  form  at  metallic  sulphide, 

which,  being  insoluble, would  be  deposited.*     Or,  4.  Alkaline  sulphide 

waters  holding  metallic  sulphides  and  organic  matters  in  solution — the 

acids  of  organic  decomposition   (humus  acids)  would  aeutmlutfl 

alkalinity  and  depoail  the  metallio  sulphide.     For  greater  clearness  we 

annex  a  tublo  expressing  these  processes: 

I.  AltS  +  MS  in  sol*  deposit   MS  by  cooling. 
t. Alk.s+-MSO, masting    "    MS"    reaette*. 

O.+org"  Dasf  "     MS  •'    rsdfa* 

i.  Alk-S  +  MS-f  orgrmnt'insol'  dop.isit.VS by  uratralitallan. 


Alk,CO.+  IICO,+ 


rre  aro  many  difficulties  in  the  way  <>f  every  attempt  to 
theae  reactions  in  a  clear  and  distinct  Conn,  hut  in  spite  of  these  diffl- 

culties  there  seems  littl.*  n-Msiui  to  doubt  that  great  fl  have  been 

1  by  deposit  from  hot  alkaline  waters  holding  various  mineral  sab- 
stan<  lotion.     The  more  insoluble  substances  nre  \  iu 

the  vein,  while  the  mo  V  reach  the  surface  as  miner.il  springs. 


•  Ii  might  «t  6nrt  win  ihai  then-  i«  :i  oh kal  ilirficuliv  in  thin  <•»*>— that  mnilllc 

•ol[>luf<"  tan  not  oorxut  in  nltlliaa  w  i!n  llkmUtM  airhonntf,  lint  wmil.l  I--  |  ■■r.vipiruti-d  n* 
me\m\\K  carboa«l«.  Bat  II  \*  evident  thai  tlii*  reaction  would  not  take  pUcc  in  a  »«*k 
MMUflu-  •ohition.  In  tlw  presence  of  <icrm  o/taroooie  "  this  c«*c  the  metallic 

carbonate  i«  ro'uUt. 
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This  view  ia  powerfully  supported  by  the  phenomena  of  hot  alkn- 
line  springs in  California  and   Nevada.     Tho  Steamboat   Springs.  0 
Virginia  <  ity,  Xevada  (-.u  culled  from  the  per*  hot 

watc  i),  ooon  Bf)  ill timu'li  Bararee  in  compnratiu-ly  recent 

volcanic  rock.    The  waters  are  strongly  alkalin.-,  and  depoaif 
abundance.     By  this  deposit  the  fissures  are  gradually  filling  ap  ml 
forming  vein  -.     BOBM  li-  nil-  are  now  |iarliully  and  some rnt ire!;  Blied. 
The  ribbon-structure  in  some  coses  is  perfect.     Moreover,  sulp 

Bra]  Hi'  the  metals,  viz.,  iron,  lead,  mercury,  copper,  and  ripo,  hare 
l)Cen  foillnl  hi  the  ijnai  I /.-vein  .-tnll.      lion-,  then,  we  have  true-  nittalli- 

feroaa  reina  fanning  andoc  oar  wij  eyes.*    So  also  at  Sulphur  Bunk, 

Lake  County, California,  hot  alkaline  sulphide  water-. ♦  doming  up  from 

;li.  deposit  liot.li  silica  and  cinnabar  in  Miiall.  irregular  fhts 
and  enviiii •-,  forming  'i :iart>:-vcius  containing  cinnabar.  The  de; 
is  bo  recent   that  the  silica  is  sometimes  still  in  a  soft,  hydruted 

i.  whioh  cuts  like  oheese.| 

After  this  general  diseiuwiun   of  the  theory  of  metalliferous  veins, 
we  ere  now  iu  position  to  state  more  clearly  their  mode  of  formation, 
tfeteorta  waters,  circulating  in  the  Interior  of  the  earth  in  nny  direc- 
tion—downward,  upward,  or  laterally — deposit  slightly  soluble  mal 
in  their  course,  in  cracks, cavities, or  great  Benrea,  forming  foeafl  c-wt*, 
geodo8,omygduk-s,  infiltration-veins,  and  fissure-wins.    As  to  flirt'  ■ 
the  upcoming  raters,  especially  ha  metemorphio  and  roleanio  regii 
li'  posit  most  freely,  and  are  most  metalliferous,  beoaoa  I  and 

often  alk.diii   .  re  fore  moef  powerful  solvent*,  and,  of  coarse,  cool 

gradually  on  approaching  the  surface.  But  that  downward  percolating 
wutcrs  may  also  deposit  metallic  (ires  is  proved  by  the  fact  that  these 
are  sometimes  found  depending,  like  .stalactites  from  the  roods  of  cavi- 
ties."   As  to  tho  different  hind*  of  wi  -  are 

most  prolific.  Ill-cause   these   fissures  are   tin*  highways  of  water  from 
ill-'  heated  depths.     Bnl  every  kind  of  water-way  will  receive  depo 
and,  as  the  kinds  of  these  are  infinitely  various  ami  unsensible 

gradations   into  eai-li  other,  no  also   will   be  the  veins  which  fill  ti 
The  optn  Baanre  is  the  easiest  and  therefon  tht    mo  I   i        |    | 

In  these,  therefore,  we  hnvc  the  most  per:  of  veins,  with 

their  banded  structure   and   their  selvages,  their  grea 
unity.     But  in  many  cases  crust-movements  produce  only  im 
snres,  i.  e.,  a  loosening  of  the  rock -cohesion,  along  planes  affected  with 


•  Arthur  Phillip*.  Amrricm  Journal  of  Bclente,  vol.  llvli,  p.  1S4 ;  iad  Philosophical 
Md-puiin.-,  187'J.  vol.  ilii,  p.  401. 

|  Tli..-  Rita  i"  (Ml  t»iin«  i>  178*  F»hr.— BttttT, 

|  buffet  American  Journal  <>l  Sctonoe,  vol.  sxiv,  p.  S3,  1CS1 

■  S'limiiU,    tiueifcau  Journal  of  .Science,  vol.  x*i,  p.  302,   1881.      CTiaml*  rlain'i 
Otology  of  WUconsin,  vol,  iii,  y    iy.v 
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a  m  of  small  cracks,  with  country  rock  between.     These 

loosened  planes  become  also  water-waya,  and,  by  deposit,  form  those 
irregulai  veins  ao  oonjim.u  i  wrywhere,  bnt  especially  in  the  cinnabar* 
veins  of  California.  Or,  again,  crust-movements  may  produce  not 
.  ti*snres,  but  rather  pianos  of  shattered  rock  like  fissures 
filled  with  rubble.  Deposit  in  such  a  water-way  forms  a  breccia  of 
country  rock,  cemented  with  vein-stuff.  Or,  again,  in  certain  cou: 
rooks  soluble  in  water,  e.-pecialk  limestones,  the  roek  is  dissolved  along 
the  water-way,  and  the  vein-stuff  deposited' .pert /KfSfK,  giving  rise  to 
what  are  culled  suhilitulwn-ctirix.  In  short,  once  conceive  clearly  that 
miii;  aro  filled  water-ways,  and  all  these  complex  phenomena 

solve  themselves.     Even  Un  saiiil-t'UL'-.s  iirraii.se  of  their 

■"mo  the  depositaries  of  vein-stuff,  though  not  in  paying 
quantities,  except  along  lines  or  planes  where  water- transit  is  more 
easy  and  abundant.     Kxumplosof  such  di'p<>  m.l  in  the  silver, 

liearing  and  copper-bearing  sandstones  of  Utah  and  New  Mexico.* 

is  there  eoenu  oo  longer  any  toon  tor  doubt  that  mettlliferone 

-  are  deposits  from  solutions  in  water-ways  of  any  kind,  but  mosth 

from  hot  alkaline  solutions  coming  up  through  great  fissures.     It  is 

only  the  exa  teal  reaction  which  is  yet  obscure.     The  work  of 

is  all  but  complete;  tin.-  problem  must  now  bj  over 

It  may  bo  interesting,  however,  before  leaving  this 

subject,  to  consider  separately  the  auriferous  veins  of  California,  and 

ra  the  principles  set  forth  above. 

Auriferous  Veins  of  California.—*;  na  of  the  most  insoluble 

of  anbst;'  :   I   the  neeurreiuv  uf   this  metal  iu   veins  has  always 

been  regarded  ns  a  difficulty  in  the  way  of  the  solution  tteorjj,     The 
only  free  solvent  of  gold  is  a  solution  otfree  chlorine;  but  this  does 
not  exist  in  Nature.     Nevertheless,  gold  is  known  to  be  slightly  solu- 
ble in  th  ially  the  pursuits  of  iron.     It  is  also  ju    <    - - 
as  gold  sulphide  in  alkaline  sulphides.     It  is  probable,  therefore,  that 
usual  solvents  of  gold  are  iron  sulpliates,  and  especially  alkaline  sul- 
phide*.    The  ilioate  of  gold^Wnioh,  according  to  Bischof,  is 
liable  under  certain  conditions. 
The  tat  the  auriferous  quartz-veins  of  Cali- 
fornia have  been  deposited  from  hot  solutions.     These  veins  exhibit  in 
many  cases  the  cluuTMt!    ;    ,,'.'-.  y.     They  exhibit  also  the 
aarfsrawtfto  characteristic  of  deposits  from  eolations, and  the  MOMHM 
spafM,  i1               |  thiit  the  solutions  were  hot.     Byaotnal  experiment,! 
the  tempi              si  which  the  vacuous  spaces  disappear,  and  tin; 
at  which  the  deposit  took  place,  have  been  ascertained— being  180°, 

•  t'iba.  Kewtxrry,  tic.  Report  co  Nooaiiento  Copjxr Mlue»  uf  tfsw  Mexico. 
t  Arthur  Phillips,  IbU. 
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M2Pt  350°  F.,  ftnii  even   more.     A-.ui  ,  there  can  be  no  doubt  that 
the  associated  metallic  sulphide*  WCM  deposited  from  the  sutuo  solu- 
bj  as  tho  vein-stuffs,  for  they  aro  complete! j   ineteeed  in  the  latter. 
But  the  gold,  as  already  stuted  (p.  240),  exists  us  mis  stall  and 

threads  of  metal  indottd  in  the  *ulphiilr  "/  iron,  and  must  therefore 
have  been  deposited  from  the  Butno  solution  as  the  iron.  It  seems 
possible  that  the  gold  was  dissolved  in  a  solution  of  sulphate  of  iron, 
end  that  the  sulphate  was  deoxidized,  and  became  insoh 
and  precipitated ;  and  that  the  gold  thus  set  freo  from  solution  was 
entangled  in  the  sulphide  si  the  moment  of  the  pro  not  the 

latter.     Or  else,  and  more  probably,  the  gold  was  dissolved  as  sulphide 
along  with  iron  sulphide  iu  an  alkaline  sulphide  solution  ited 

by  reactions  1  or  4  given  on  page  245,  the  gold,  on  account  of  its  - 
affinities, giving  up  its  sulphur  at  tho  moment  of  its  deposit.* 

There  are  tome  phenomena  oonneeted  with  the  occurrence  of 
in  tho  iron  sulphides  of  the  deep  placers  which  seem  to  provo  the  truth 
of  this  viuw.f     The  deep  plarers  of  California  ere  gravel-drift*  in 
afoot  i- ivr r-l n:ds, covered  up  bj  lava-flows  LOO  u>  BOO  feet  thick.     These 
placers  are  worked  by  running  tunuels  beneath  the  busultie  lava  until 
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Scction ncrofp 'tniitr  Mountain.  Tnatamm  County, California;  /.,  i*v»;  0,  p»«l;  3,8, 


the  river-gravel  is  retched.     Now,  the  waters  percolating  through  these 
i .i\ tuflowa  and  teaching  the  subjacent  gravels  are  charged  with  all 
from  the  lava.     These  alkali]  are  also  charged  wil 

from  the  same  source.     Hence,  the  drift- iron,;  oi  those  ancient  ri 
has  all  been  ailieilicd  by  these  Rilioeoui  waters.     The  gravel,  are  also  in 
many  places  cemented  by  the  same  i  These  percolatin 

have  evidently  also  contained  iron;  for  in  contact  with  the 
wood  ia  often  found  iron  sulphide.     There  are  two  ways,  in  oitherof 
which  we  may  imagine  the  gold  to  have  been  deposited.     It  i 
been  in  solution  in  the   iron  sulphate;  or  else,  along  with   the  iron    in 
alkaline  sulphide.      Following  out  the  process  on  the  ■■po.-ilion. 

while  the  wood  decayed  it  was  partly  replaced  by  rilica  and  | 
iron  sulphide  prodooed  by  deoxidation  of  the  sulphate  by  organic  mat- 
ter (p.  193).    The  gravel  has  also  in  some  places  been  cement* 


•  Gold  is  soluble  i"  sodium  8ul]>hi«Jcr,  probably  m  gold  sul|  liid> .— Jlteker. 
f  AriLtir  Phillip,  Ibid. 
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iron  sulphide  reduced  from  solution  in  a  similar  way.     Now,  both  in 
this  petrifying  and  in  this  cementing  sulphide  of  iron  is  found  (by  so* 
i  nitric  Raid)  goldi   ometiinea  in  muntlrii  grain.-,,  and  there- 
fore i  it  also  sometimes  in  minut- 

:is  in  the  sulphide  of  the  andooompoaed  otiarte- 
.  i      gold  has  been  deposited  from  a  tolvlion  of 
•  at  the  moment  of  the  reduction  of  the  latter  xo  a  Bat- 
tle.    The  process  was  probably  as  follows:  Percolating  water  Oti- 
dijteil  iron  sulphide  and  took  it  Into  solution  ss  sulphate.    Toil  sola' 
lion,  coming  tot  with  aVijAC-goId  dissolved  it,  bat»8ubseqnentiy, 

coming  i  witi  dot  tying  organic  matter,  was  again  dcoxid. 

and  depo  sulphide;  and  the  gold  crystallizing  at  tin.'  sumo  mu- 

■  id.*  Or  following  out  the  process  on  the  UCOHd  SUj 
sition,  gold  sulphide  in  solution  in  alkaline  sulphide,  coming  in  Offl 
wit>  ■_'  vood,  would  li<  I  by  neutralization  >>f  rh.  b 
along  with  other  metallio  sulphides  present  and  be  entangled  with  them. 

■  .nit  of  its  feeble  affinities,  tho-gold  would  give,  up  its  sot* 

phnr  either  to  the  alkaline  sulphide  or  to  the  sulpha.-  <  ml   be 

eited  in  B  metallio  form.     Now,  11  similar  reaction  would  ts 
in  a  fissure,  mid  form  a  ^old»hearing  K  In.     In  furl,  the  Miieluva  gravels 
may  as  a  horizontal  water-way  or  fissure  with  it*  walla 

through  which  water  circulates  and  dspo 

pose,  then,  we  have  hot  water  containing  alkaline  carbonate  and 
alkaline  sulphide,  holding  in  solution  silica  and  metallic  sulphides, 
■mei  •  gold  sulphide,  and  coming  upward  through  a  fissure.     !•• 

any  of  the  reactions  on  page  245,  e.g.,  by  oooKng,  silica  would  deposit 
■a  quartz  vein-star!  ami  the  gold  would  deposH  witti  other  meta 
sulp  Ing  up,  however,  its  sulphur  in  the  act  of  deposition,  as 

bef"  waters  contained  no  other  metallic 

sulphide  but  gold  sulphide,  then  the  gold,  airing  Eilphnr  bo  the 

alkaline  sulphide,  would  lie  found  in  form  of  metallic  gold  inoloeed  in 
the  qnar*  nff. 

Illustrations  of  the  Law  of  Circulation. — Wo  bare  said  thai  the 
iron  .-ul photo  comes  from  oxidation  of  sulphide,  but  phidc 

•nidation  of  the  sulphate.     This  is  only  another 
of  a  perpetual  cycle  of  changes.    Again,  the  gold  in  than    I 

.ta;  the  strata  doubtless  r»  ceived  it  bom  Ear  small 

quantities  of  gold  have  been  detected  in  sea-water;  but,  again,  doubt- 
less  the  sea  n  il  from  the  rocks,  and  this  brings  us  to  mother 

perpetual  cycle  of  changes. 

lint   in  the  midst  of  all   these  changes  then:  has  evidently   been  an 
increasing  concentration  ami  availability  of  gold  and  other  metals.    In 
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the  strata  the  quantity  is  so  small  as  to  bo  uudetect  is  thence 

<:inu'<l  and  POPPOn  fasted  in  veins  in  a  mor«  nvailable  form;  it  is  I 
set  free  along  the  backs  of  these  veins  in  a  still  more  available  form; 
it  1?  last  carried  down  by  currents  along  with  other  materials,  neatly 
MOted,  and  deposited  in  p/ncers  in  a  form  tlio  most  available  of  all. 

>/    Section*  3.— Mountain's:  their  Om.-.rx  and  Structube. 

Moimtaini  are  often  regarded  as  types  of  permaneiu-e.     We  tf|*.-ak  of 
the  ■  %g  hills.    The  first  lesson  taught  by  geology  is  that  all 

: !.•--,  even  the  most  stable, are  slowly  changing.    In  ti 
treat  'if  tin-  origin,  growth,  maturity,  decay,  aiul  death — in  a  wdh  . 

v. bote  life-history  of  mountain.-. 

Mountains  are  the  glory  of  our  earth,  the-  culminating  points  of 
its  scenic  grandeur  and  beauty.     I  hit  few  recognize  the  I 
are  BO,  ttO&J  beOHUW  they  are  idso  tho  culminating  points,  the  tie 
of  greatest  activity,  of  oil  geological  agencies.     Tho  study  of  mountains 
If   therefore  of  absorbing  interest  not  only  to  the  poet  and   pointer,  bid 
also  nml  ly  to  the  geologist,  because  it.  furnishes  the  L> 

many  of  the  obscurest  problems  of  dynamical  gtoli 

But  we  arc  met  at  the  very  threshold  of  the  subject  by  a  difficulty 
BTteing  from  the  loose  use  of  the  term  mountain.     This  term  is  used 
for  every  conspicuous  elevation  above  the  gem  ral  level  ol  the  .surround- 
ing country,  whatever  may  be  its  dimensions  or  its  mode  of  0" 
Tims  we  apply  it  to  a  whole  system  of  ranges,  such  :  ' 

Mountain  s;.s|i-iii,  or  tlie  Aiide-.  or  tin-    Himalayas;  or  to  each  ■  ainpo- 

t  range  of  such  a  system,  such  as  the  Sierra  or  the  Wshaatch ; 

sash  promineni   peak  on  anon  a  range,  as,  for  example,  Mount   I 
Konni  Dana,  or  Mount  Shasta.    It  is  necessary,  therefore,  Qrst  of  all, 
thai  we  should  define  what  we  are  going  to  discuss. 

Dtfrutions  of  Tcrnm. — A  Mowtfafa-Syttem  is  a  great  complex  of 

re  or  lea  parallel  ranges  in  the  same  general   region,  bat  ban 

different  times  (poljganeao).    It  is  a  family  tf  mountain*.    In  the 

Rocky-Mountain  .-vMem.  or,  SB  it  U  better  oaUed,  bhi    North  Aimriesn 

QordiBi  ran,  we  hare  the  Colorado  range  (Front  range),  the  H 
range,  tli  e   Basin  ran  ires,  the  Sierra  ran  ge,  and   several  o)  Simi- 

larly the  Andes  and  Himalayas,  consist  of  several  ranges. 

A  Mountain-Bangt  is  a  single  mountain-:  rf  product 

one  birth-thri*  (monngenelic),  although  both  tho  origin  and  t 
qoent  growth  is  a  slow  process.     The  Sierra,  the  tYahsatch.  the  Uinta, 
ami  tho  Colorado  Mountains  are  good  examples. 

\   \i,,:i. .■/,/;,>■  i.'hiye  is  a  subordinate  part  of  a  ran 
bjr separate  folds  made  at  the  suae  time,  or  b\  faulting,  ox  by  erosion. 
'I'll'-  1 11  in-  Ridge,  the  Alleghany,  and  the  Camberland  Mountains  are  ex- 
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araples  in  tho  Appalachian  range.     The  parallel  fold.*  of  the  Jura  range 
d  in  cross-sccii-m  i>   Pig.  898-  -on  pnbafojj  tin  beat  examples. 

-ridges  thoro  arc  always  prominent  points  which  arc 
r,  whether  formed  by  volcanic  ejections  Him  Mount  Shasta 
i.i  Ifoont  Ranter,  or  by  erosion  like  Mount  Dana  or  M«uuit  Lyell. 
ICom  r.i-.ii  ..-■v.-:<.'ins  an  separated  by  great  Ulterior  I 

i  ppi-rivcr- basin.     Ranges  are  separated    by  gr 

k«  Saenummto  nod  Ban  Joaqnin  Valley,  separating  the 
the  Coast  rani,'!.'.     Ridgm  arc  separated  b\  final 

mountain-valleys,  while  tho  trnntverse  valleys  which  trench  the  flanks 
•  •f  ranges  or  ridges  head  in  the  pastes  whii  h  separata  the  ptaks. 

i   of  mountain   form,  partial!]  realized  in 
e  cases.     Brit,  to  an  observer  looking  down  froa  ik,  a 

mountain-range  often  seems  to  lie  made  up  of  un  inextricably  tangle  of 
ridgea  running  and  peaks  standing  in  even-  conceivable  direction. 

09  of  mountains  is  really  a  discussion  of 
or  mountain  individual  r,  on"  the  one  hand,  n  mount) 

system  is  only  a  multiplication  of  such  individuals  belonging  to  tin- 
same  family. .md  therefore  adds  no  new  element  tothedi « u-i-n  ;  und, 
mountain  ridges  and  peaks  belong,  mainly  at  least,  to  the 
category  of  monntain  sculpture,  not  of  mountain  formation, and  there- 
fore arc  •! 

re.— The  inequalities  of  th© 
earth-sir.  ined  (page  167),  are  ol  two  general  kinds, 

[the!  awn    Thelattei  belon  rptore,  and  vrill  bo 

tak>  '•     Of  the  former  there  are  two  orders  of  greatness,  viz., 

tho>'  .nd-riiasses  and  oceanic  basins,  and 

rating  D  ranges  and  inl  We  have  already  dis- 

cnacd  the  f  a  now  take  up  the  latu  i. 

Mount  II. 

Leaving  aside  for  the  present  all  disputed  points,  it  is  now  univers- 
ally admitted  that  mountains  are  not  uanallyp  pbvavertioa] 
once  supposed,  bat  are  formed  a/holly  by  Art 

,i!w.i,y,'.     The  earth's  orufll    along  certain  lilies  ia  CTtuhtd  iogtthtT  bj 

lateral  or  horiaotttal  pressure  and  rises  into  a  mountain-range  along  the 

of  yielding,  and  to  a  height  proportionate  to  tha  amount  of  mash- 

i  elding  is  not  by  rising  mto  a  hoUow  arch,  nor  into  anoh 

an  arch  filled  beneath  with  liquid  (for  in  m  ase  oonld  tha  arch 

!•'►,  but  by  a   mashing   together  and   a    thickening  and 

crumpling  of  a  and  an  upswelling  of  the  whole  maas  along  the 

line  of  gl  That  this  is    the    Imi 

outs  ration  of  mountains  is  plainly  shown  by  their 

structure.     As  to  the  ultimate  cause— -i.  e.,  the  cause  of  the  enormous 
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ml  pressure — this  lies  still  in  the  field  Of  discussion.     Wo  shall 
QOM  it  brfeflj  in  its  prnjH.'r  place. 

Mountain  Sti 

\  iiiuiuitiiiii-raiiL'i.',  thru,  may  be  regarded  as  ft  man  of  anoroa 
tbiek  strata  crushed  tn  welled  up 

bing.     We  have  said  thai  this  mode  trf  ori  i  its 

structure.    Wooan  best  make  thia  plain  by  an  experiment    Bup] 
then,  to  place,  one  atop  aaothi  I  :  layers  of  any  plastic  IU  I  tanc*. 

gueh  us  wax,  so  as  to  make  together  a  prismatic  01888, 

section  in  Pig.  319,  \.  and  the  whole  retting  on  a  smooth  oiled  rii 

gloss  or  etcvl,  bo 

•g —  —    there   shall    be  no 

friction  or  adhf 

Snppo6e,       fur 

the 

be  applied  beneath 

along  the  middle 
line,  so  as  to  soften 
slightly  this  part. 
Of  course,  such  - 
ening  would  be 
greatest  at  the  bottom,  and  become  less  and  lea  upward  ;  also  gres 
along  the  middle  line,  and  become  Lees  and  Isbb  outward.    Thi 

mted  in  tin-  fii/inr  1'V  i he  shading  and  in  nature  bv  the  mctai> 
phic  softening,  of  which  we  will  speak  later*    Buppose,  now,  wi 
board  on  each  side  of  the  prismatic  mess,  and  press  gradually  together. 
All  the  layers  will  be  thickened  and  fuldcil.  and  the  wlnde  ma- 

up  along  the  central  line  into  something  like  Fig,  819,  B.   We  ban 

miniature  both  the  VUrBtiAure  and  the  mode  of  formation  of  amr.uiitain- 
range.  In  n  similar  way,  but  on  a  larger  scale,  nil  great  mountain-ranges 
seem  to  have,  been  formed. 


2 


fut.  SSS.— Idrai  Section  atro««  thr  lininli  MoanUiui  (attar  Fow«U>. 


uor.vT.vry  orwix  akd  ktiucitke. 


258 


re  would  be  in  the  experiment,  and  much  mora  would  \if  expect 
■  re,  somo  variety  in  t he  FMoH  depending  upon  tin.-  softness  or 


ho.  m. 

stiffness  of  tin- strata.     This  it  is  that  gives  rise  to  differ) ml  i.ipesof; 
luteins.   Sometimes  the  whole  mass  rises  as  o««  great  fold  |  Fig.  ISO). 

u ..  ii:i v .-  an  mean  _  


\ 


of  this  In  the  rjinteh 
rangi-,  only  thai  the 
has  broken  down 
Ida,  forming  n 
groat  fault  (Fig.  Wl>. 
Sonii'tinieaan  1  ofl 

•>    ere     prodw  Bd 
several  oj  like 

great  furth-w:i\  H  ( Fig. 

•  case  in  the  Jura  (Fig.  223).     Sometimes,  anil  often- 
ert  of  nil.  then  are  produced  many  olpufy  tppruttd  EoldSjtt  In  thi 

Fig.  219,8).     Tin*  is  the  casein  the  Oo«  "f  Cali- 

fornia (Fig.  234),  nr  in  the  AppalaohiiMi  (Kg,  225).    Bomettmai the 


•' 


Flo.  99.— Ideal  8«ilon  of  Jnn»  If  an»£.< 


KUi,  898.— th-ctluii  uf  Jura  «■  uiudidvd  by  Ki 

mashing  is  so  extreme  tluit  the  sides  are  driven  in  under  the  swol- 
,  so  that  the  strata  are  often  reversed.    This  Ls  the 
in  (Pig.  ■:■: 


uv 


Tia.  XH.— 8«cUoo  of  Caul  lUnp-,  »»uwlng  fllcallan  by  Horizontal  I'rrretur. 

.•///.—It  is 
iings  such  us  those  represented  in  all  the  above  figures, 

*       U 


Fl*.  821.— Gnxraltxcd  and  Mmpllfitd  Section  of  tne  Ap|«!arhUn  t"li»ln 
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and  which  occur  in  nearly  all  mountains,  can  not  be  produced  except  by 
lateral  pressure,  and  are  therefore  proof  of  such  pressure.     But,  more- 


Fio.  838.— Section  of  a  portion  of  the  Alps. 

over,  it  can  be  shown  that,  when  we  take  into  consideration  the  im- 
mense thickness  of  mountain  strata  and  the  degree  of  folding,  lateral 
pressure  is  sufficient  to  account  for  the  whole  elevation,  without  calling 
in  the  aid  of  any  upward  pushing  from  beneath.  For  example,  the 
Coast  Eange  of  California  (Fig.  224)  is  composed  of  at  least  five  anti- 
clines and  corresponding  synclines.*  If  its  folded  strata  were  spread  out 
horizontally  in  the  position  of  the  original  sediments,  they  would  un- 
doubtedly cover  double  the  space.  Now,  supposing  the  strata  here  are 
only  10,000  feet  thick — a  very  moderate  estimate — in  mashing  to  one 
half  the  extent,  they  would  be  thickened  to  20,000  feet,  which  would 
bo  a  clear  elevation  of  10,000  feet  if  they  had  not  been  subsequently 
eroded.  According  to  Renovier,f  a  section  of  the  Alps  reveals  seven 
anticlines  and  corresponding  synclines,  and  some  of  these  are  complete 
over-folds  (Fig.  22G).  We  are  safe  in  saying  that  Alpine  strata  have 
been  mashed  horizontally  into  one  third  their  original  extent.  Sup- 
posing these  were  originally  30,000  feet  thick  (they  were  really  much 
thicker),  this  would  make  a  clear  elevation  of  00,000  feet.  Of  course, 
most  of  this  has  been  cut  away  by  erosion.  In  the  Appalachian  range, 
according  to  Claypole,J  the  foldings  are  so  extreme  that  in  one  place 
95  miles  of  original  extent  have  been  mashed  into  10  miles,  or  six  into 
one,  and  yet  the  Appalachian  strata  are  estimated  as  40,000  feet  thick. 
Cases  of  still  greater  doubling  of  strata  upon  themselves  occur.  In  the 
Highlands  of  Scotland  the  strata  by  lateral  thrust  first  rose  in  a  fold, 
then  were  pushed  forward  into  an  over-fold,  then  broken  and  slidden 
one  over  another  for  ten  miles.*  In  the  Canadian  Rocky  Mountains 
there  is  an  overthrust  of  seven  miles,  by  which  the  Cambrian  is  made 

*  American  Journal  of  Science,  vol.  il,  p.  297,  1876. 
f  Archives  des  Sciences,  vol.  lix,  p.  5,  1877. 

1  American  Naturalist,  vol  xix,  p.  257,  1885. 

•  Gcike,  Nature,  vol.  xxlx,  p.  31,  1884. 


•/was  (MoOonaaQ).     The  manner  in  which  this- 
vu  di  hi  i ;ited  ou  a  previous  page  (Fig.  A  iy.  then. 

Dm  ■  of  the  mountains  mentioned  above  is  due  to  Un 

■ 

v. — But  there    is  another  phenomenon  a.-sociatt»l 

witl  ina  which  fonuahes additional  proof(  if  anj  bo  necessary, 

viz.,  slaty  cleavage    This  is  not  so  universal  a  phenomenon  as  folding, 
in'  materials  of  strata  aro  not  always  suitable  '■  >piQg 

this  etroctore  ;  but  whero  it  occurs  iu  evidence  b  equally  couvii*  i 

have  already  seen  (p.  183)  thin  iya  prodlK     I 

by  mashing  together  homontally  and  ezteoaioB  vertically.     \\  ■ 
also  aeon  that  in  1  ••  of  woll-di-v  il<  ijh-iI  oleamga  the  uln»le  rock- 

mass  has  been  mashed  horizontally  three  parte  into  ones  and  swelled 
ap  vertically  one  part  into  three.     Now,  again,  considering  the  th 
dbsb  «if  mountain  strata,  this  is  sufficient  to  account  for  1 1  »r*  highest 
mountains  in  Uie  world*     It  is  true  va  often  find  d&Sj  rleavage  w\ 
»  no  moontainBi    in  such  cases  tin-  elevation  prod 

mil;  has  been  swept  away  on.     We  find  only 

bones  of  the  extinct:  mountain-. 

It  was  once  supposed  that  mountains  «  |>  from  below 

1  rartioall  1  ■•    Hence  came  the  word  uphuval  aa  applied 

to  mountains.    Thewi  ill  Dsedj  ami  there  is  no  objection  1 

use,  if  it  be  borne  in   mind  that,  in  mountain*  of  the  structure  given 
e  of  upheaval  is  not  vertical  bat  lateral. 
Modifications  of  the  Simple  Ideal  given  above— Tims  fur,  in 

ir  idea  of  the  process  and  the  result,  MB  have  deeoribed 
ir  simplest  form,  and  as  similar  in  proOeSBOf  formation 
and  result  to  the  experiment  shown  in  i'ig.  210.      lint   En  fact  the 
final  result  in  KatoN  Uoomplieated  in  immy  waya    Boom  •  f  than 


/ 


C**w*~: 


Fto.  2K.-  l"Uil»Ji  SloonUln»-l"|nifr  Vm\  mliord.  ihowlai;  Kaal!:  Lowct  Psrt  tluminj;  Uie>  Yn»- 
fix  at  |itoilucf  1  by  £iu*h  1 

pljr.i  in  the  foregoing  figure  intaina,  and 

hate  baa  anticipated  In  theii  descriptions.    Jt  is  necessary  now  to  dis- 
cuss these  more  fully  i 
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structi-re  common  to  all  bo< 


1.  By  Fracture  nml  Slipping. — It  is  obvioiudy  impossible  that  such 

"violent  foldings  of  the  strata  should  take  place  without  frequent  fraot- 

iiiil  dipping  of  t ho  broken  parts.     Those  fractures  and  faults  were 

produced  si  the  rime  of  origin, or  else  during  tin-  growth  nf  the  range. 

If  the  mountains  are  very  old,  erosion  Las  long  Binee  cut  down  the 

inequalities  thus 
produced;  but  if 
the  mountains 
are  recent, 
may  still  form 
conspicuous  oro- 

■ft     i.-ij   r-  .»r  i  'hi) ■  fulilvil  by  l»lcrul  Prvasara  laflrr  FBvre).  trninhic  fe-Lturcs. 

In  FSg.  '-'.'.'  1 1  • « ■  tow  part  shows  the  Uintah  Mountains  as  tlu-y  are, 
:u  id  i  in  upper  pari  shows  tho  same  as  they  would  be  if  the  eroded  strata 
verereetoredi  In  more  complex  mountain*  the  fracturing  and  fault- 
ing are  also  more  com].:.  li/  •'•>  shows  the  result  of  an  actual 
experimental  oxnahing  of  variously-colored  layers  of  clay. 

•.'.  By  Mrhniuirjiliimu. — We  have  said  that  mountain  strata  are  often 
of  enormous  thickness.     We  shall  giro  abundant  proof  of  thin  I 
after.    Hut  we  have  also  seen  (p.  221  tt  .vy.)  that  tho  accumulate 

Imenta  to  gnat  fchfoTrnw  will  produce  a  rise  of  the  iaogcotheiius 

an  invasion  of  the  sediments  with  their  included  water  by  tin 

,and  a  consequent  bydrothermal  softening  or  incon 
thermal  fusion  of  the  lower  parts  of  such  accumulation-).    Now  we  Bad 
that  mountain  strata  arc  nearly  always  more  or  less  metamorpbir  in 
thai!  ItnreY  parta    Thus  every  great  mountain-range-  has  a  tnrlatHor- 
jihir  aire.     This  is  represented  in  the  experimental  figure  (Fig. 
by  the  shading; 

:,.  By  Subuqiunt  AW  i'</m.— The  modifications thna far  ppok. 

arete  produccil  at  the  tuns  of  preparation   or  else   in   tl  i  and 

growtii  of  the  mountain, and  therefore  belong  to  the  category  of  OK 
iiin  t'orn uit ion.    Hut  so  soon  a.s  the  mountain  begins  to  rise,  it  begins 
to  be  sculptured  by  erosion  ;  and  when  we  remember  that,  on  ac< 
ot  their  great  deration  and  steep  slopes,  mountains  moat    b  •  the  tbe- 
atrea  of  the  greatest  activity  o  «,  it  is  erident  that  the  n 

morphic  eora  will  often  be  exposed  by  erosion  along  the  cresta  Thus 
the  typioal  structure  of  a  great  mountain-range  in  that  of  u  meta- 
morpbio  or  granitic  axis  emerging  along  the  crest  and  flunked  on 
each  side  by  strata  oorresponding  to  one  another.  It  was  formerly 
supposed  that  tho  granitic  axis  was  pushed  up  from  '.c  low,  breaking 
through  the  strata  and  appearing  above  them.  But  it  is  far  more 
probable  that  the  so-called  granitic  axis  is  only  the  mctarimrphic  core 
formed  as  air  ihiinod,  and  exposed  by  subsequent  erosion.    1 

229  is  an  ideal  of  a  mountain-range  on  this  view.     In  I 


Fi4.no. 


Fw.  80.— Ideal  8eclli*  of  a  Mountain-Biag*. 

co?r  rnctamorphi ■■  \  and  remnants  of  unchanged  strata,  caught 

ap  and  left  among  the  folds  of  the  crests,  show  that  these  strata  once 

extended  over  the  top,  and  that 
the  rm'tamorphic  axis  is  exposed 
only  by  erosion.  Only  oarrj  the 
luetaiii'irplii.-ni  i  si  c|i  further  and 
the  «•!•■  ittls  deeper,  and  wo 

have  the  granitic  axis  complete 
(Pi*  880). 

Mountains  are  made  out  of  Lines  of  Thick  Sediments.— But  the 
question  occurs,  What  determines  th$  f&aw  of  a  mountain-range? 
The  answer  is,  A  mountain-range  while  in  preparation — before  it  be- 
came a  range — was  a  line  of  very  thick  sediments.  This  is  a  very  ha- 
unt point  in  the  theory  of  mountain  origin,  and  therefore  must  be 
proved.  The  strata  of  all  mountuins,  where  it  is  possible  to  measure 
them,  are  fniind  to  be  of  enormous  thickness.  The  strata  involved  in 
the  folded  structure  of  the  Appalachian,  according  to  Hall,  are  40,000 
feet  thick;  the  strata  exposed  in  the  structure  of  the  Wahsatrh,  ac- 
cording to  King,* are  more  than  50,000  feet  Buck;  tin-  Orotaeeooa 
strata  of  the  Coast  Range,  according  to  Whitnc\,t  are 30,000  feet  thick  ; 
and  if  we  add  to  this  10,000  feet  for  the  Eocene  and  Jliooene  strata, 
the  whole  thickness  is  probably  DOt  less  than  30,000  feet.  The  Alpine 
geologists  estimate  the  thickness  of  the  strata  involved  in  the  intricate 
structure  of  the  Alps  as  50,000  foot  The  strata  of  Uintah,  according 
to  Powell,  are  32,000  feet  thick. 

Now,  it  must  not  be  imagined  that  these  numbers  merely  represent 
the  gentral  thickness  of  the  stratified  crust;  only,  that  in  these  places 
the  strata  are  turned  up  and  their  edges  exposed  by  erosion,  and  thus 
their  thickness  revealed.  On  the  contrary.  Il  maj  t.e  shown  that  the 
same  strata  are  much  thinner  elsewhere.  The  same  strata  which  along 
the  Appalachian  range  are  40,000  feet  thick,  when  traced  vestvard  thin 
to  4,000  feet  at  the  Misaissippi  River.  Tin  same  strata  which  along 
the  lino  of  the  Wahsatch  aro  30,000  feet  thick,  when  traced  eastward  thin 
out  to  2,000  feet  in  the  region  of  the  Plains.}  It  is  eviilent.  therefore^ 
that  moantain-ranges  are  lines  of  exceptionally  thick  strata. 

»  Fortieth  Faimllel  Sumy,  vol.  lU,  p.  451.  f  Whitney,  on  MounUln-Uullding. 

X  Ktag,  FottUta  Pnr«llcl  Sumy,  vol.  I,  p.  12*. 
17 
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Mountain-Ranges  were  once  Marginal  Sea-Bottoms.— Where,  then, 
do  sedimuiitd  now  accumulate  iu  greatest   thioknPHtf     Evidently 
marginal  sen-bottoms,  off  the  coasts  of  continents.     The  greater  pari 
of  the  washingB  of  continents  are  deposited  within  30  miles  of  tt 
and  the  vhok  b  iftbin  100  miles,    Prom  tin*  lino  of  thickest 

imil  coarsest  deposit   tin-  sedimentl  grow  thinner  and  finer  as  we  go  sea- 
ward.   Hut  evidently  such  enormoni  tbioknaaBQt  u&  40,000  Feel  o  n 
accumulate  in  tie-  game  place  without  pc  tee  such  as  we 

know-  takes  place  now  whenever  BXG  tty  abundnnt  sedimentation 

[i going  on  i  p  v.\'.').    The  rehire.  )tiu\tutain*rong08  hefim  they  mnati 

born — while  still  in  preparation  us  embryos  in  the  womb  of  the  ocean 

— toon  ''<■■-  "J  thick  offshore  iapoeiU  gradually  subsiding,  wad  • 

ever  renewing  the  conditions  of  continuous  dtopo 

As  this  is  a  very  important  point,  it  is  necessary  to  stop  here  awhile 
in  order  to  show  that  such  was  actually  the  fact  in  the  caw  of  all 
principal  ranges  of  the  American  Continent — i.  e.,  that  for  a  long  time 
before  t ln-v   wen  actually  formed,  the  placet  which  they  now  OC 
were  marginal  sea-bottoms  receiving  abundant  sediments  from  a:> 

at  continent    We  shall  bi mpelled  beretoanticipati 

that  belong  to  Part  III,  but  we  hope  to  make  statements  so  general 
that  there  will  be  no  difficulty  in  andoretanding  them. 

1.  Aji/t'iliir/urtit. — The  history  of   (hie.  range  is  briefly  us  follows: 
At  the   beginning  of   the    Pala-ozoio  era   there   was  a  great  V-shaped 
land-mass,  oreupyuig  the  region  now  covered  by  Labrador  and  Cat: 
llien  turning  northwest  ward  from  Luke  Superior  and  extending  peril 
to  polar  regions  about  tho  mouth  of  Mai  kensio  River.    This  is  sb 
on  map,  Fig.  'Mb,  nil  ;  There  wasanoihrr  greal  land-ma-^  i«- 

enpj  ing  the  preeeni  place  of  t  In-  eastern  elope  of  the  Bine  Ridge  an<!  ex- 
t'luling  eastward  probably  far  beyond  the  present  limits  of  the  coati- 
Hint — as  shown  in  tho  same  figure  by  dotted  line  in  the  A;  I        ioO 
The  western  coast-line  of  this  land-mass  was  the  present  plao 
Bine  Kidge.    Westward  of  this  line  extended  a  great  ocean — L'  the 
terior  Patoosoio  Baa."    The  Appalachian  range  west  of  the  Bli 
was  then  the  marginal  bottom  of  that  tea.    During  the  wboli 
0  imbrian,  Silurian,  and  Devonian.:,.!       bore-line   remained  near! 
the  i.-e.  although  there  was  probably  a  slow  transference  l 

Hard.  Meanwhile,  Ehrmighoul  thin  immense  jieriod  of  time,  the  wash- 
ings fn  an  t  li  c  hind  •nuisRe:istward,.ireu  inula  ted  al  DOtfl 
30,000  feet  of  th:.  km  .is  was  attained.    At  theend  of  tin  I» 

iderable  changeaof  physical  geography  of  this  region  took  pis 
which  we  will  explain  when  we  oome  to  treat  of  the  history  of  this  \*> 
i-i.nl.    Bnf&oe  it  to  say  now  that  during  th<  I  >ai  boniferooB  the  regi<" 

Vppalachian  wns  sometimes  abovo  the  sea  as  a  coal-swamp,  nnds<  a 
times  below,  but  all  the  time  receiving  sediment  until  y.ooo  or  iu,000 
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feet  more  of  thickness  was  added,  and   the  aggregate  thickness  I"  Cane 
00  feet.     Of  course,  it  is  impossible  thai  raoh  thiokneea  oonld  ac- 
cumulate on  the  same  spot  without  pari  p<usu  subsid. -n  sea- 
fioor.     Iu  fact,  wo  have,  abundant  evidence  of  comparatively  shallow 
water  at  every  step  of  tin-  process — evidence  .sometimes  in  the  character 
>o  fosBils,  sometimes  in  the  form  of  shore-marks  of  all  kiuds,  some- 
times in  tin-   Com  of  MBma  of  i'<«al,  showing  even  swampland  oondt- 
l     Again,  of  course,  the  sediments                     I  and  coarsest  near 
the                   :  .  and   thinned   nut  and  became  fiuiT  toward  the  op  D  sea, 

i.  e.,  westward.    Fl  to  4ty000  feet  of  sedimenta  had  aoonmol 

along  this  line  the  earth-crust  in  this  region  gave  way  to  the  lateral 
pressure,  and  the  sediments  were  maahed  together  and  folded  and 
swollen  up  into  the  Appalachian  range.  Subsequent  erosion  has 
sculptured  it  into  tho  forms  of  scenic  beauty  which  wo  find  there 
to-day. 

i.  Surra, — This  was  apparently   the  .first -bent  of  the  f'nniillcran 
fami  :ory  is  as  follows:  During  the  whole  Patoosoifl  and 

earlier  part  of  the  i-  in  the  Basin  region  a  land-man, 

whose  fonn"And  dimes  &  D    i re       imperfectly  know, but  whose  I'.i 

ie  was  east  of  the  n  region  was  therefore  at 

that  1 1  t  1 1  •  •  the  marginal  bottom  of  the  Pacific.  Oceana    Probably  the 

position   of   this  shore-line  changed    Coi  the    end   of   the 

PaL<  The  extent  of   this  Change  we  will  discuss  hereafter. 

gay  now  that,  daring  the  whole  of  this  time,  the  Sierra 

region  received  sediments  from  thii  land-maai  until  an  enormona 

knees  (how  much  we  do  not  know,  because  the  foldings  are 

spina  to  allow  of  estimate]  was  •ooumulatvd.    At  last,  at  the  i  06  of 

Jurassic,  the  sea-floor  gave  way  to  t i i > ■  increasing  lateral  pressure 

Along  the  line  of  thicket  sediments,  and  these  latter  were  crushed  to- 

iT  with   complex   foldings  and   swollen    up   into  the  BisrVB,      An 

almost  inconceivable  subsequent  erosion   has  sculptured    it.   into  the 

form-  of  beauty  and  grandeur  which  characterize  itemagnifioenl 

birth  of  the  Sierra  transferred  the  Padflfl 
shore-line  westward,  and  the  sates  BOW  washod  against  the  western 
foot  of  that  range,  or  poasil  farther   wi  Itwaid    in  the  region  of 

the  Sacs  Joaquin  plain*.    At  this  tuna,  then 

region  uf  the  ana  the  marginal  bottom  ol  the  Pacific  Ocean, 

wholo  Oretao  and  Miocene,  this  region  re- 

ceived abundant  -  from  the  now  greatly  enlarged  oontina 

OUU0  to  the   eastward  :  until   finally,  at   the  end  of  the  Miocene,  | 
iH>  feet  ol  ^s  had  accumulated  along  this  line,  the  sea-floor 

led  to  the  lateral  pressure,  and  tho  Coast  Range  was  born;  and  tho 
eoaft-line  transferred  to  present  position. 

4    Wahsatck. — The  physical  geography  of  tho  region  to  the  east  of 
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the  Wuhaatch  (Plateau  region)  during  Juro-Trinso  time,  is  little  known. 
But  during  the  Cretaceous  the  region  of  the  Wahsatch  ma  the  wi  .- 
marginal  bottom  of  the  groat  interior  QlBfcnflBOm  Sea  (sea  map, 
?.'>.j,  p.  4*ti),  receiving  abundant  sediments  from  the  great  land-mass  of 
the  Basin  ami  Hurra  region.  This  greatly  increased  the  enormous 
thickness  of  sediments  already  accumulated  riong  this  lino  in  earlier 
times.     At  the  end  of  the  Otetaoeem  the  McUm  Lied, am: 

Wahsatch  was  horn.     It  is  necessary,  however,  to  say  that  hoth  the 
Sierra  and  Wahsatch  underwent  very  great  changes  of  form  produced 
by  a  different  process  and  at  a  much  later  period*     Wo  shall  bpmI 
i  hi-;  later. 

'>.  Alps. — Mr.  Judd  haa  recently  shown  that  the  region  of  tin' 
Alp.-,  Anting  the  wliiil..  Mesozoto  and  Early  Tertiary,  VBB  I  marginal 
sea-bottom,  receiving  sediments  until  a  thickness  was  attained  not  lew 
than  that  of  the  Appalachian  strata.  At  the  end  of  the  I 
enormously  thick  sediments  were  crushed  together  with  Complies 
foldings  and  swollen  upward  to  form  these  mountains  and  afterward 
sculptured  to  their  present  forms. 

The  same  may  be  said  of  the  Himalayas  and  nearly  all  other  mount- 
ains. We  may,  therefore,  eoiilidi-ntly  generalize, and  say  that  tho  places 
now  occupied  by  mountain-range*  have  been,  previous  to  their  forma- 
tion, places  of  great  sedimentation,  and  therefore  usually  mar; 
ocean-doitoms.  In  some  cases,  however,  tho  deposits  in  interior  teas  or 
mediterraneans  havo  yielded  in  a  similar  way,  giving  rise  to  mor 
regular  ranges  or  groups  of  mountains. 

It  is  easy  to  see  now  why  mountain-ranges  so  often  form  the  bor- 
der* of  continents,  and  that  coiitii  oallt  essentially  of  interior 
basins  with  coast-chain  rims.  The  view  of  formation  of  mountains, 
above  presented,  necessitates  this  us  a  grueral  form,  while  it  prepares 
us  for  exceptions  in  case  of  mountains  formed  from  mediterranean 
sediments.  We  see  also  why  in  tho  caae  of  parallel  marginal  ranges  of 
the  same  system,  such  as  the  Sierra  and  Coast  Ranges,  these  should  be 
formed  successively  seaward. 

Why  Thick  Sediments  should  be  Lines  of  Yielding.— Adm: 
then,  that  mountains  arc  formed  by  tho  sqneeiing  together  of  lit 
very  thick   sediments,  the  question  still  occurs,   H  htj  tints  Hit  ijii" 
tnkr  place  along  these  linen  in  preference  la  any  othtrn  f    This  is  a  capi- 
tal point  in  the  theory  of  mountain  formation.     Tho  answer  la  as  fal- 
lows: We  have  idready  seen  (p.  222)  that  accumulation  of  sediments 
causes  the  isogeotherm  to  rise  and  the  interior  heat  of  the  earth  to 
invade  the  lower  portion  of  the  sediments  with  their  included  w.. 
Now  this  invasion  of  heat  in  its  turn  causes  livdrothormal  softening  or 
even   fusion,  not  only  of  the  sediments,  but  also  of  tho  sea-floor  m 
which  they  reek    Thus  a  line  of  thick  sediments  becomes  a  li 
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softening  anil  therefore  a  line  of  weakness,  and  a  line  of  yielding  to 
the  lateral  pressure,  and  therefore  also  a  liiii'  of  mashing  together  and 
folding  and  ut>-swelling — in  other  words,  a  inuuntain-range.  As  soon 
as  the  yielding  BOaBlfBWM  Wfl  hiive  an  additional  -  DIM  of  heal  in  the 
crushing  itself.  It  follows  from  this  that  t.hciv  i*  or  was  bnteath  every 
mountain  a  line  of  fused  or  semi-fused  matter.  This  we  will  call  the 
Mub-mou ntui n  liquid.  This  by  cooling  and  solidification  becomes  a 
mttamori/luc  or  granitic  etta,  winch  by  erosion  forms  the  metamoi '■ 
or  granitic  axis  and  crest  id  many  great  mountains. 

Brief  History  of  a  Mountain-Range.— The  preparation  of  a  future 
mountain  oommaiioei  by  the  accumulation  of  enormous  thirlrnosn  of 

acdiiueut  oir  a  coast-line.  This  is  the  embryonic  condition  of  the 
rango;  it  is  still  within  tho  womb  of  ocean.  Next-,  the  line  of  sadi- 
|  sldfl  to  the  BVer-moreasing  Intend  thrust,  and  the  mountain  is 
\ j  soon  as  it  appears,  there  begin  to  act  upon  it  two  opposite 
forms — one  upheaving,  the  other  cutting  away;  the  one  interioi 
other  exterior — which  may  he  compared   to  the  oppi 

1>  and  waste  in  the  animal  body.     So  long  as  the  supply  exceed* 
in  grOWS.      When  tlie.se   op 
.  the  motuit.iiii  la  mature.     When  the  waste   hy  cro.-ion  ex- 
ceeds the  supply  by  uj-ln-.tvul.  i  .rain  has  entered  upon  its  period 
of  dtcay.    Finally,  the  destructive  forces  triumph,  and  the  mountain 
olean   away   by  erosion.     This   im   ,ii»unt<iui-dv<itlt.     We  find 
mountains  in  all  these  stages.    TheSierra,tl  itoh,and  the  Coast 
nil  growing.    The  Appalachian  ia  already  mutate 

••robably  entered  oa  its  period  of  decay.    In  the  foldi 

«if  tfa  ■  thick  rocks  of  the  Arch:i»an  rOglOII  of  <  'anada  we  mi- 

doubted!]  find  th  F  extinct  mountains. 

Slowness  of  Mountain  Origin  and  Growth.— Although,  as  we  shall 

w  in  Tart  III,  the  format  inn  of  mountains  often  marks  thOOOU 
of  geological  periods,  ami  tlierefore,  in  a  geological  Reuse,  the  process) 
is  comparatively  rapid,  yet  in  a  human  sen-'  ii    is  always  extremely 
alow— so  slow  that  it.  may  and  probably  is  going  on  now    under  our 
eyes,  without,  attracting  our  attention. 

AgQ  of  Mountains. — The  date  of  mountain-birth  is  determined  hy- 
lic uge  of  the  strata.    It  moat  be  later  than  the  youngest  start 

■r  into   the  folded  structure  of  the  mountain  OX  IM  tilted  OB  its 
flanks.     Thus   we  say  that  the  App  n  was  horn   at    the  end  of 

the  Cool   period,  because  all  the   I'uhvozoie  strata,  including   the  OOtl, 
enter  into  the  composition  of  its  folded  structure,  but  later  strata  do 

S\  a  say  that  the  Sierra  was  formed  at  the  end  of  the  .lurassii 
canae  these  arc  Ihi  rata  which  are  folded  and  tilted  on  its 

flan i. .  itaceoua,  the  Eocene,  and  the  Miocene,  an- all 

cmmplcd  up  In  the  Coast  Range,  but  the  Pliocene  are  not.    Therefore 
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we  judge  that  this  range  was  formed  at  the  end  of  the  Miocene.    To 
illustrate :  in  Fig.  230  (p.  257)  it  is  evident  that  the  strata  a  van 

deposited  In  ■  barfs 
pcsHum,  thou  tilted  and 
Uld  b  were  de- 
led  unconformably  on 
tliL-ir  eroded  edges.  The 
age  of  this  mountain,  therefore,  is  younger  than  a  and  older  than  b. 
Sometimes  several  movements  of  lifting  are  revealed.  Thus  in  Pig. 
231,  the  strata  a  wore  deposited  horizontally,  then  tilted  by  mountain 
formation  and  eroded,  and  b  deposited  horizontally  and  unconformably 
on  their  edges;  then  by  a  second  movement  b  was  lifted  (and  of  course 
a  also  at  a  higher  angle  than  before),  and  c  was  deposited  ur. 
formality  on  b. 

Now,  by  examination  of  mountains  iu  all  parte  of  the  world,  it  U 
found,  as  might  have  been  expected,  that  all  the  highest  mountains  are 
comparatively  young,  and  that  the  oldest  mountains  are  of  mode 
altitude.     Tii  is  obvious:  young  mountains  are  in  the 

youth,  and  perhaps  still  growing,  while  the  oldest  mountains  are  in  the 
l:i-i  stages  uf  decay.  The  oldest  of  our  American  mountains  ar>' 
low  Laurentides ;  they  are  almost  gone;  they  are  pre-C'ambrian. 
i  Inn  follow  the  higher  Appalachian;  they  are  pre-Triassic.  Then 
the  still  higher  Sierra;  they  are  pre- Cretaceous.  To  mention  some 
foreign  examples:  the  Alps  has  certainly  risen  10,000  and  the  Hima- 
laya 19,000  feet*  since  Eocene  times;  for  so  high  Eocene  marine  strata 
been  found  on  their  slopes. 

Other  Phenomena  associated  with  Mountains. — The  essential  phe- 
nomena demonstrating  the  process  of  mountain  formation  are  the 
folded  structure,  the  slaty  cleavage,  the  thiokness  of  the  strata,  au-i 
position  along  Ihe  borders  of  continents.  But  there  are  other  phe- 
nomena associated  with  mountains,  which  are  well  explained  by  tlnlut- 
erul-pres&ure  theory,  and  thoreforo  confirm  the  theory. 

1.   /  irt-h'riiptioHs,  anil  Dikes. — The   strong   foldings 

of  mountain  strata  inevitably  produce  fractures.    Often  these  fractures 
extend  down  to  the  sub-mountain  liquid,  and  this  latter  is  squeezed 
out  by  tin'  eni.riii.iu:    Literal  pressure, throogh  the  fissures  and 
poured  on  the  surface  lava-floods — such  as  the  great  lava-flood 

of  the  Northwest,  and  the  Dcccan  lava-llood,  already  described  on  pages 
210  and  211.     The  outpourings  on  the  snrfa«  •  may  lie  entirely  carried 
away  by  erosion,  and  the  filled  fissures  through  which  they  came  m»y 
bfl  exposed  aadikr*  ;  or  else  the  fiib-mountain  liqui  I 
forced  into  fissures  which  did  not  reach  the  surfaoe,  and  these  olao 
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may  bo  exposed  by  erosion  as  dikes.  Thus  lava-floods  are  associated 
with  newer  strata,  and  dikes  with  all,  but  MpaoiaHj  the  older. 

\'okanoe*. — Great  lava-floods  come  up  through  fissures  aud  flow 
off  as  sheets.  By  repeated  eruptions  successive  shoots  accumulate  until 
the  whole  mass  is  several  thousand  Beet  thick.  The  lower  part*  of  such 
lava-mosses  remain  incandescent!)-  hot  nlmost  indefinitely.  Percolat- 
tailing  Hum  hot  interior  portions  develops  force  sufficient, 
to  «  d  matter  and  torn  volcanoes  parasitic  on  tho  lava-floods; 

or  else  water  may  reach  the  sub-mountain  Uqnid  through  the  fissures 
produced  by  foldings  and  thus  also  produce  volcanoes.  Thus  volcanoes 
also  are  associated  with  mountain-ranges. 

—  If  tin'  fractures  do  not  penetrate  ieep  enough 
to  roach  the  sub-mountain  liquid,  then  they  are  not  filled  at  the  time 
Of  Ibeir  formation  with  liquid  hiva,  hut  slowly  afterward  by  deposit  "f 
mineral  matter  from  percolating  waters  and  form  reins.  Thus  min- 
eral veins  are  especially  abundant  in  mountain- regions. 

4.   Fan*!*  and   Bttrthquahet^-Tht    walls   of   great  fissures,  as  we 

have  already  soon,  never  remain  io  their  original  position,  but  always 

the  other  and  thus  form  faults,  which,  in  ease  of  foldings 

by  lateral  presssure,  will  usually  be  rerrrxe.     II<  mv  faults  are  associated 

with  notinl  tin*    The  slipping,  however,  will  not  take  place,  all  at  i 

but  very  slowly,  and  yet  not  uniformly,  bnf  mon  ot  ten  pom 

h  paroxysm  will  produce  an  earthquake.  The  original  fracturing 
will  also  produce  an  earthquake.  Thus  earthquakes  are  associated 
with  mountains,  especially  if  the  mountains  arc-  still .'//"" 

see  thus  tho  truth  of  the  proposition  with  which  we  set  out,  that 
mountains  are  the  theatres  of  the  greatest   activity  of   all  gook 
agon*  • -      They  are  Brsl   the  places  of  greatest  activity    of  aqueous 

in  preparation   for   ilic  future 

mountains;  then  of  igneous  agencies  in  the  birth  arid  growth  of  the 

■■il  mountain;  and.  dually,  again  of  aqueous  erosive   agencies  in 

i  into  forni3  of  beauty,  but  also  m  bhfl  decay  aud  at 

last  in  the  eomplete  di  itruotion  at/ornur  tnonntninii 

Cause  of  Lateral  Pressure.— We  have  thus  proved  that  the  fatnt- 

•!    the  origiu  and  the  growth  of  mountains  is  lateral  j >n •-..-- 

are  acting  on  thick  sediments  crushing  thorn  together  and  swelling 

them  up  along  the  line  of  greatest  thickness.     Hut  still  the  question 

the  ultimate  oanse,  i.  e.,  the  oomai  of  tin-  Esfar 
uret    This,  as  we  have  already  suid,  lies  still  in  this  domain  of  doubt 
and  discussion,  but  tho  view  which  seems  most  probable  maybe  briefly 
stated  as  folio 

I         iil.tr  cooling  of  the  earth  there  would  he  not  only  unequal 

-1;  motion,  giving  rise,  as  shown  on  page  168,  to  continents  and 
ocean -basins,  bat  also  unequal  contraction  of  the  exterior  as  compared 
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with  the  inferior.     At  lirst,  and  for  n  long  time,  the  exterior  would 
fastest;  but  there  would  inevitably, sooner  or  later,  come  a  time  whin 
the  exterior,  receiving  heat  from  abroad   (sun  and  space),  us  well  as 
from  within,  would  assume  an  almost  constant  temperature,  while  tbj 
interior  would  still   continue  to  cool   and    ci  The-,  ilureforf. 

after  a  while  the  interior  nucleus  would  contract  farter  than  the  es> 
tcrior  shell.    It  would  do  so,  partly  because  it  would  cool  faster,  ami 
partly  because  the  co-ellicient  of  contraction  of  a  hot  body  is  gn 
than  that  of  a  cooler  body.    Now,  as  noon  as  this  <•< uul i t i.  in  was  reached, 
the  exterior  shell,  following  down  the  shrinking  no  ronld  bo 

tlirust  upon  itself  by  a  lateral  or  horizontal  pressure  whicli  would  be 
simply  irresistible,  if  tin.-  i-.u-tir^  crust  vm  ■  hundred  times  more 
rigid  than  it  is  (80  times  m  rigid  jus  st.il,  POO  to  1,000  times  as  l 
as  granite — Woodward,  Science,  vol.  xiv,  p.  1G7  1889),  it  DU 
M unn  tain-ranges  are  tho  lines  along  which  the  yielding  takw  place, 
and  this  yielding  dikes  plate  along  lines  of  thick  sediments  became 
are  linen  of  weakness. 

There  are  several  serious  objection;;  which  may  be  brought  against 
this  view:  1.  Calculations  seem  to  show  that  the  amount  of  cruiiipluej 
and  folding  actually  found  in  mountains  is  many  times  greater  than 
could  be  produced  by  the  contraction  of  the  earth  hy  n  it 

may  bo  answered  Hut  there  may  be  othir  semen  of  contraction  besides 
cooling.    For  example',  loss  of  constituent  gases  and  vapors  from 
interior  of  the  earth,  through  volcanic  vents  and  fissures,  has  been  sug- 
gested by  0.  Fisher  (p.  LOO). 

2.  Again, it  has  been  shown  by  Durum  I  m possible  lbs 

affects  of  differential  contraction  should  be  concciitrai 
lines,  80  as  to  give,  rise  to  mountain-range;:  without  a  shearing  of  the 
Omit  upon  the  interior  portions,  which  is  inadmissible  if  the  eari1 
solid.     Instead,  thcivi". in-,  of  conspicuous  mountain-ranges,  ti 
of  differential  contraction  would  be  distributed  all  over  the  -urfaoe, 
and  be  wholly  imperceptible.     But  in  answer  to  this  it  may  bo  said 
that  there  is  no  diiiicitiiv  in  the  way  of  such  shearing',  end  therefore 
of  such  em i.  nitration  of  effects  along  certain  weakest  lin<  rt  hr 

<r  tvb^rutt  li'/tiul  layer, either  universal  or  else  underlying  large  areas 
of  8ii  r  i . 

Still  other  objections  hate  been  raised,  but  these  are  so  recent 
they  have  not  yet  been  sufficiently  sifted  DJ  disoussion  to  dc*cn«-  B 
tion  here.     The  origin  of  mountains  by  lateral  pressure  is  a  fact  be» 
\Miui  dispute.     This  is  the  most  important  fact  for  the  geologist.     Ibnr 
tin-  lateral  pressure  is  produced  is  a  pure  ph]  ucal  question  which  must 
be  left  to  the  pliv-icists  to  settle  among  themselves. 

Another  Type  of  Mountains — Monoelinal  Mountains.— We  bait 
thus  far  spoken  only  of  one  type  of  mountains — by  far  the  cornnn 


mi  lulling  the  greatest  mountains,  and  long  supposed  tho  only 

But  there  is  another  typo  only  recenth  brought  to  ligfcl  by  lliu 

i-.'l  Btaten  Geological  Survey,  tin-  tiii>st  conspioaana  if  not  the  only 

examples  of  which  are  found  in  the  Ihnin  ami  part  of  tin-  I'lateau  re- 

i         mountain*  ■reformed  in  an  entirely  different  mj,  vis* 

by  the.  tilling  or  else  tho  Iwiih/  uplifting  of  great  t, 

rated  by  pandlcl  fissures.     Moimhahm  of  bhfi  usual  type  may  lie  r:i: 

for,  although  often  madj  ap  of  many  anticlines  and  pvii- 
elines,  yet,  taken  as  n  whole,  they  may  be  regarded  as  a  grand  I 
(see   |  Mountains;   of    this    second    lyjie    are  called 

*m4tHoclit>->!.-.''    In  mountains  of  tho  first  type  the  fault.-:  are  anally 
reverse,  in  the  second  type  il  «/.     Normal  faults  an 

tremely  common  everywhere,  hut  they  an  rarely  great  enough  t<> 
ride  to  earth -featured  which  deserre  the  nanio  of  mountains;  but  in 
tho  Basin  region — as  wo  have  already  seen,  page  233 — their  scale  is  so 
enormous  and  their  formation  n  raoenl  that  they  give  rise  to  very 
conspicuous  orographic  baton*  Wa  have  already,  under  faults  (p. 
;itlv  explained  the  mode  of  formation  of  the  Baaio  w 

(now   wish  to  explain   how   the   Sierra   has  been  modified — in  fact, 
received  its  present  farm  and  altitude— in  this  way. 

The   Sierra,  as  we   have  already  seen,  was  funned  by  crushing  and 
if  thick  sediments  at  the  end  of  tho  Jurassic.    It  iiprobi 
dmt,  by  the  enormous  ero-i!  in  of  the  Cretaceous  and  Tertian  periods, 
it  tu  subsequently  i  ui  down  1 1  -ate  altitude.    At  the  cud  of 

the  I  great  mountain-block— :$0(>  miles  long  and  60  to  TO 

■  5  wide — was  heaved  up  on  it.*  eastern  side,  forming  there  i  normal 
fault,  \»!;  ilacernent  of  probablj  not  lees  than  tS^OOfeot.*    The 

range  was  thus  greatly  elevated, iiml  its  Brest  transferred  to  it."  extreme 
eastern  in  I  m  attended  with  lava-flows,  irh 

ran  down  tho  western  slope, fllling  up  tho  old  river-l)eds.  ami  displacing 

iced  rivers  immediately  commenced  catting  new 

bed.-  I   I-  ig.  '.'is,  ,,.  2  18).      Thai  this  event  lock 

the  Tertiary  is  shown  by  ran  tho  most  recent 

Tertiary  beds  were  covered  by  the  lava.     That  the  slojie  and  therefore 

tho  mountain  were  gr»  eased  at  that  time  is  shown 

by  the  fact  that  the  rivers,  seeking  their  bi  (p.  21),  have  cut 

•  beds  2,000  foot  below  their  oUl  bods,  oven  though  the  time  of 

catting  was  very  much  less.    Evidently,  therefore,  the  preaant  I 

and  height  of  the  Sierra  date  from  the  end  of  the  Tertiary. 

ently  with  this  last  great  modification  of  the  Sierra]  the 
Basin  ranges  were  also  formed  by  ornat-bloea>tflting.    On  f 


•The  fanlKearp  Is  10,000  feet,  and  the  ftiminic  ulatoi  arc  deeply  buried  beneath 
■  d#po-it»  at  a«  foot. 
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boundary  of  the  Basin  region,  tho  Wahsatch  was  at  the  same  time  alio 
heavi'il  up  00  Its  partem  Bide,  forming  thoroono  of  tho  greatest  faults 
known.  Therefore,  80  far  a8  their  pMMJti  forms  arc  concerned,  tbe 
Sii.-rni  ,  and  YYahsatch  may  bu  isuid  to  belong  to  the  Busin  system.  It 
is  not  difficult  to  imagine  how  the  whole  system  may  have  been  formed. 
At  the  end  of  thi>  Tertiary  the  whole  Basin  region,  including  the  Sierra 
tin  one  side  and  the  Wahsatch  on  the  other,  was  lifted  probably  by 
infinne.-ccnt  lavas  into  an  arch,  and  by  tension  sj>li t  into  great  oblong 
crust- blocks.  The  arch  broke  down,  tho  crust-blocks  readjusted  them- 
selves, as  explained  on  page  233,  to  form  the  Basin  ranges,  and  left 
the  abutments,  viz.,  the  Sierra  and  Eha  Wahsatch,  with  their  mw  faces 
looking  toward  one  another  across  the  intervening  Basin.  The  pro- 
.  I— ;  mi  result  are  shown  in  tho  ideal  diagram  (Fig.  232).  It  must  not 
be  imagined,  however,  that  this  took  place  at  once  as  a  great  cataclysm, 
but  rather  that  it  took  plaeo  very  slowly — the  lifting,  the  breaking 
down,  and  tho  readjustment,  all  going  on  at  the  same  time. 


Fro.  2J8.— Iitaffrun  »h»wi»g  PMfetMl  Origin  of  tbe  B*»ln  Syrian. 

Tims,  then,  then-  ;ire  two  types  of  mountains  strongly  contrast 
mountains  of  the  one  type  are  formed  by  lateral  pressure  and  cruxi 
of  the  other  type  by  lateral  tension  and  slretrhiitg,    Tho  one  gives  rise 
mainly  to  reverse  faults,  the  other  always  to  normal  faulta.     Mountains 
of  the  one  t\pe  are  formed  by  up.- welling  of  thick  sediments,  those  of 

other  type  hy  irregular  readjustment,  of  crust-blocks.  Mountains 
of  tho  one  typo  are  born  of  the  seat  thoso  of  tho  other  typo  are  born  on 
lln'hihil.  W%  find  examples  of  the  one  typo  in  nearly  all  tho  gre.i 
mountains  everywhere,  but  especially  in  the  Appalachian,  the  Alps, and 
the  Coast  liange.  The  best  examples,  perliaps  the  only  examples, of 
the  Other  type  are  the  Basin  ranges.     Some  mountains,  aa  the  Sierra, 

the  Wahs&toh,  and  oertsinly  mm$  of  the  Basin  ranges,  belong  to  b 
types.    In  their  origin,  they  hove  been  formed  in  the  first  iray,  bnfl 
-w.ir.i  hairs  been, modified  by  the  second  way.   Thusti.  tin 

l'limhimeutal  method,  and  the  second  only  a  modifying  process.* 

Mountain  Sculpture. 
As  soon  as  a  mountain-range  lifts  its  bead  above  the  general  level 
of  sea  or  land,  it  is  immediately  attacked  hy  erosion.     All  the  grand 


*  On  tills  whole  gubject  see  papers  by  tho  writer,  American  Journal  of  Science,  «oL 
xii,  p.  176,  1880;  vol.  xxxii,  [>.  1GT,  180«. 


and  beautiful  forms  of  mountain  scenery  are  due  to  erosive  sculpturing. 
Too  amount  curried  away  is  always  ■normoaatj  gnat,  usually  many  times 
greater  than  what  remains.  In  Fig.  22;  (p.  856)  m  haM  in  thu  upper 
part  the  Uintah  Mountain  with   its  strata  re-tuml.  i  would  be 

if  never  ravaged  by  erosion;  in  the  ]..wer  part  wo  hare  it  as  it  now  ex- 
ist*. The  extreme  thickness  removed  h  abonl  96,000  feet,  wblle  only 
about  8,000  bet  remain,  f"r  the  bighesl  penb  are  now  only  10,000  to 
19,000  feet  high.  In  the  Appalachian — an  older  mountain — probably 
a  much  larger  proportion  has  been  cerrii  The  amount  iu  all 

cases  is  so  great  as  to  obscure  tl rigin  of  momriefru  ami  to  oonfnse 

DOB  Of  the  term  mountain.  Ilcm.i: ■  r'unM  have  divided  mountains  into 
two  kinds,  viz.,  mountains  of  uphoaioal  and  mountains  of  erotian,  and 
some  have  even  gone  so  far  as  to  say  that  mountains  are  merereinmrn- 
of  denuiled  continent*-  -the  prominent  points  of  a  differential  erosion. 
But  it  is  beet  to  keep  distinct  in  Efai  mind  mountain  formation  end 
mountain  oeulpturo.  They  are  both  eqnallj  important,  in  the  final 
result.  If  igneous  forces  do  the  rough  houring,  aqueous  forces  do  the 
I  forms  of  beauty.  When  we  view  mountains  from  a  dis- 
tance, tli.'   blue,  doud-lika   bank    which   we  see   on   the  horizon  is  the 

lit  of  igneous  agencies;  but,  when  we  are  among  mountains,  all  that 

we  see— i-  dge  and  peek  end  ralley— all  that  constitutes  scenery — 

\u   dm  i  of  iqneom  sgen-  n-. 

Sculptural  Forms. — The  mode  oJ  mountain  formation  is  more  or 
less  concealed  in  internal  Btraoture;  hut  the  form*  developed  hy  sculpt- 
ure lit  on  the  Mirfucc,  end  are  easily  understood,  and  yet  they  often 
reveal  structure  to  the  careful  observer.  A  knowledge  of  these  sculpt- 
ural brmi  gives  additii  nal  charm  U)  mountain  travel.  They  are  al- 
most infinitely  diversified;  yet  a  few  of  the  mosl  common  and  eon- 
may  be  given  as  examples.  These  forms  are  not  all  cenfini  & 
to  mountains;  some  of  them  are  the  general  forms  of  highland  erosion; 
but  they  are  rnout  conspicuous  iu  mountain-regions. 
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stnuinn.Miili  n-  or  grit,  or  by  a  lava-flow.     In  the  latter  cam. 

the  horizontal  lava-blanket  gives  rise  to  tables,  whatever  be  the  |NM 
of  the  underlying  strath  I  food  examplesof  this  form  are  found  in  111 
(Fig,  888),  ia  'I'.'unedsee  (Fig.  834),  in  bhfl  nuan  at  th<  Platens  region 

(Fig.  in.  p.  1",),  ami  in  Tabic  Mountain,  of  California  (Fig.  285). 


E*'  "'■ 
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rw.  SB.— Seettoa  mtmi  TWblf  atoanUtD,  ftudmnn  0  rormla:  A,  lava;  o,  pin 

.   //,  old  rK.  r-'i, fl]    1;\  f  Led. 

(£.)   Rut  if  the  horizontal  Htrata  are  m-fl,  inters! ratified 
•  \-.\\-.  ; ! ii ■■  r  arorion  gives  ri:-e   t<i   fantastic  castellated   forms  of  peaks, 
turrets,  eto.,  guoh  as  are  fimtnl  in  1 1  * •-  Bad  Land*  of  tin-   P] 
l'ln*i-,.n  region,  irhioh  arc  the  almost  unlithitied  deposits  of  thl 
ary  lakes  (Fig.  386). 


<  c 


«.— Mauralw* Tcrrw.  Hail  tjinilii  faftcr  lis; 

8.  ('!<-)iihi-iiwhiUithui  Strata*— -These  give  rise  to  synclinal  r 
and  anticlinal  valleys.    This  is  well  shown  in  diagram  (Fig.  287)  and 

■ 


Tin.  887.— Diagram  showing  Synclinal  BliJgc*  and  Anticlinal  Vallrja  (after  NBo  atwl  De  Harjwfci 


':*  subjoined  section  of  tho  Appalachian  eoat-flald  in  Peon 

This  is  nsnally  explained  by  8U[iii»-i!i_-  thai  the  backs  of 


Kio.  SM.— Section  of  Cool  Field  uf  Pctiij.jhaiila  lafur  Lralpyi. 

Dm  auticliimltt  bavo  been  broken  or  loosened  In-  tmuion  in  beodiDg; 
while  the  synclinals  have  been  hardened  \>\  lateral  pressure — iin-l  there- 
fore tin  untidinaU  have  yielded  more  easily  to  erosion.  But  I'rof. 
Davis  has  shown*  that  such  a  anj»p<  «-it  [■  >n  i-  at  Im-t  imt  i  •  -■  -i  -  ■-■■<<■■- 
Fur  example:  if  wo  have  a  series  of  undulating  strata,  some  hard 
and  some  soft  (Fig.  23D),  the  erosion  will  be  most  rapid  on  the  nuti- 


Kio    EJ»  —  Mr»1  niaonm  nhnwtnff  now.  arc-online  to  nnrla.  Synrllnal  Hldgra  art  fnrmril:    full 
,,.<;„! aurmeaa  aad  atfncttm;  fatted  kn.»,  cnyiual  aotface»  »ml  IINCIBM;  DMattt  HM  ■. 
tutiurt  rn-kin-niir face*. 

B»  and  the  hard  stratum  (a)  will  be  reached  and  oat  through  Unit 
tktn.  As  soon  as  the  soft  stratum  hem-ath  is  readied  the  erosion  will  bo 
still  more  rapid,  and  valleys  will  be  formed.  This  will  be  understood 
by  carvf-;  tion  of  the  figure, 

■I  or  W>jhhj-\.  Outcropping  Strata, — Than 

rtM  tu  sharp  ridges  and  valleys,  the  ridges  being  determined  by 


Flo   »*.i  — IdeaJ  Section  acruo*  bii  KnxJnl  Fold,  tonal. tine  <•<  Aliriiniiiuu  Ion  ami  lUnl  Strata 

Rafter  SAc  and  Oc  Margviioj. 

the  outcrop  of  a  hard  stratum.  Fig.  240  is  an  ideal  diagram,  showing 
bow-  '  Lies  are  formed  by  erosion.     In  t  hi*  Rooky  Mountains,  n 

tliev  lire  finely  shown  on  the  thinks  of  the  mountain-,  they  are  called 
m kqf-back*.n  Fit;  841  represents  this  form  of  sculpture  as  it  often 
appear*.      It  Efl   Men  that  every  ridgo  informed  by  of  a  hard 

sandstone,  which  has  resisted  erosion  mure  than  the  intervening  strata. 
Beautiful  asm  this  form  arc  seen  in  parts  of  the  Appalachian. 
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ndingon  the  bop  Of  Warm  *|  .rings  Moinr  inia,  tenor  tl 

.  ,v  in-  ooinitad,  ■ »  ii  with  long  sloped  on  one  sidr 
steep  slopes  on   the  other,  like  billows  ready  to  break.     Tim  crest  of 
b  ridga  ii  dotonninod  by  the  outcrop  of  a  hard  . 
■  •:<  may  in-  formed  i-iihcr  by  tin-  ootorop of 


a  j\  j 

Pi...  ML— ftrtlMI 


fk 


as  in  Fig.  241,  or  cUo  by  tlir -i  >ntcrop  of  the  tome  tandatonaj 

as  in  fig,  84% 

In  ridges  formed  in  this  way  the  relative  angle  of  slop©  on  the  two 
sides  of  tho  ridge-  will  ilej>end  on  I  the  strata.     If  the  *trat» 


Pio.  SiS-PimJIel  Kldgn  In  Folded  Slmu. 

bo  vertioul,  the  two  slopes  will  bo  equal     If  tho  strata  are  incl 
longer  slope  will  In*  on  the  side  toward  which  die  strata  dipj  and 
diiTereiH-f  of  the  two  slopes  will  increase  as  the  an^l,- of  dip  becomes 
loia    This  is  shown  in  Pig.  843  (it,  i.and  c).     Finally,  one  slop© 


YlQ.  243 

coincide  with  the  face  of  the  hard  stratum,  i  240,     This  eaas, 

therefore,  pnwwi  bj  Insensible  gradations  int  ••.. : 

4.  Oentlji  I,  almost   Level  Strata. — These,  bj    eroeioni  per- 

l . . - 1 •  =  nader  peculiar  climatic  conditions,  give   riao  Ion  <\  of 

broad, nearly  level  table.*,  minei-h-nt  with  tin  a  hard  stratum, 

ti'i-iiiiaated  each  I  tical  or  nearly  vertical  cliff.     This  form  of 

•     I  on  n  magnifii  ent  scale  in  the  Colorado  plu' 
region.    Big.  .1 1  is  i  bird's-eye  new  of  three  such  tables,  each  "Mt.ii.o 
milea  wide,  and  terminated  by  eliffa  1,500  to  2,00u  fool  high.     I 
is  an  ideal  section  of  such  tables  and  cliSa — tho  dotted  lines  sho* 
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Ki...  'JIY— 1>,.ii. ,t  line*  ihuw  iiwiitihI  ranted  »w»jr  by  erosion. 


cliffs  nre  cfroahr,  producing  thus  titanic  Amphitheatres,  100  or  more 
>  s  across,  with  eliff-benehes  1,000  to 3,000  feet  high,*    Ho*  Am  the 

lifting  of  the  strata  in  this  region  must  have  been  is  shown  by  the  fact 

that  the  Green 
River  rni 

the  sloj.m  of  lit 
.-I rata,  cutting  its 
cation     d 

edge  of 
cliffs,  us  shown  in 
Fig.  244.  Evidently  the  strata  were  lifted  athwart  the  course  of  the 
river,  but  80  slowly  that  the  river  cut  as  fast  as  the  ft  oh 

Migration  of  Divides. — If  the  slopes  on  the  two  sides  of  a  divide 
are  ii|iial,  Hie.  position  of  the  divide  remains  stationary;  hut  if 
slope  be  steeper  than  the  other,  then  by  the  greater  erosion  on 
steeper  slope  tlio  divide  will  novo  steadily  toward  the  gentle 
Thus,  the  rivers  on  the  steeper  slope  continually  increase  their  drainage 
areas  hf  appropriating  from  the  Other  Bide.     Examples  of  thifl  mi 
found  in  nearly  all  mountain.--,  but  especially  in  those  of  the  monocline! 
type,  and  in  all  ridges,  but  especially  in  the  case  of  hog-backs  (Figs. 
M0yMl)a    The  recession  of  plateau  cliffs  is  oolj  an  extreme  cat 
this  law. 

.">.  Mrianun-phic  and  Granitic  fiackx. — Sculptural  forms  in 
are  usually  irregular,  ami  can  not  he  reduced  to  a  simple  law.  But.  in 
some  cases,  peculiar  forms  arc  traceable  to  peculiar  structure.  Thus, 
for  example :  in  and  about  the  Yoseniite  Valley  two  kinds  of  forma  are 
found,  viz.,  (a)  perpendicular  cliffs  and  towers  and  spires  of  the  valley 
■il ;  and  (4)  rounded  domes  abundant  in  the  high  region  about  the 
valley.  The  one  is  the  result  of  a  rouyh,  imperfect  vertical  rfeacagt  of 
the.  rock  ;  the  other  of  a  nmcrntric  structure  on  a  huge  scale,  usually 
undetectable  in  the  sound  rock, 
hut  brought  out  by  weathering. 
This  is  shown  in  the  diagram 
(Fig.  U6). 

0.   Th«  Kind  of  A<jent.—\t 
is  probable  that  thfl  OOturt  of 
the    erosicc    n^eiil,    whether    us 
■rain  anil  riven  or  as  gaote  and  glacier*,  also  determines  peculiar  scen- 
ic form?.     It  is  probable  that  the  former  tend  more  to  rounded  sum- 
mit* and  ridges  and    \  -shaped  gorges,  the  latter  to  sharp  stun 
y)  and  comb-like  divides  ami  broad  U-shaped  valleys. 

•  Duuon—ilfjfli  Plainuu  uf  Utah,  p  10. 


Fio.  34IY— Iriral  Srrtlon  dinning'  Domu 

.1  luu-  aliuic  iliow*  urljliiul  »in! 
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DESUDATIOX,  OR  GENERAL  EROSION. 

As  it  fit  ending  of  Part  II,  au<l  preparation  for  Part  III,  in  which 

the  idea  of  lime  is  the  underlying  atom a .1,  i:   Boom*,  appropriate  to 

make  some  rough  estimate  of  the  amount  of  general  erosion  which  has 

•1  place  in  the  history  of  the  earth,  and  of  geological  time  based 

thereon. 

n  •hittuhiti'in  is  used  by  geologists  to  express  the  general 

LOU  which  the  earlh-=urf:ioo  has  suffered  in  geological  times.     Tlie 

eorrelative  of  denudation  is  Halim.cn(n(i<ni,  and   the  amount  of  denuda- 

lonnt  of  stratified  rocks. 
Agents  of  Denudation. — The  agents  of  erosion,  as  we  have  already 
1   in   Part  I,  are :   1.  Hirers,  including   <■  s  head  the  wlmlc 

course  of  rainfall  on  its  way  back  to  the  ocean  whence  it  came ;  2. 
Qkuiets,  including  under  tail  head  not  only  glaciers  proper,  but  moving 
now  <-xist  in  polai  regions,  and  in  the  Qlaoial  epooli 
extended  far  into  now  tempt  rate  regions,  and  also  moving  anow-ficll-. 
it  is  pmhuhic  that  nil  extensive  snow-liclds  and  snow-caps  arc  in 
motion;  -5.  Ware*  and  t i/lvs j  and,  possibly,  4.  Oceanic  currents. 

usually  run  on  n  fad  and  between  l>» nks  of  still 
water,  and   therefore  produce  no  erosion.     1(  \t  poatfble,  however,  that, 
9ea-OOttom  may  In:  eroded  by  tin-  agent]  but  aa  wo  have  no 
knowledge  of  such  effects,  we  are  compelled  to  omit  this  from  our  1 
mate  of  the  probable  rate  of  denudation.    Tin  actios  "i  »■")■••.•  «:<i 

1  and  conspicuous;  vet  these  agents  are  so  entin.-ls  confined  to 
•  that  their  nggrcgato  effect  is  hut  a  small  fraction  of  tho 
whole  erosion.     Prof.  Phillips  has  shown*  that,  taking  the  coast-lines 
the. World  as  100,000  miles,  and  making  the  extravagant  estimate 
the  average  erosion  along  this  whole  line  is  equal  to  that  of  the 
:ish  coast,  or  one  foot  per  annum  of  a  cliff  one  hundred  feet  high, 
still  the  aggregate  wave-erosion  ia  far  less  than  river-erosion,  being 
ivalent   to  a  general   land -surface  erosion  of  only  yjVy  of  an  inch 
jwr  annum,  or  ^  of  that  which  ia  now  going  on  over  the  hydrographi- 
es!  basin  of   the  Ganges,  and  \  nf  that  going  on  in  the  basin  of  the 
Mississippi.     Glaciers  and  rivers,  therefore,  are  the  great  agents  of  ero- 
sion.    The  one  takes  the  place  of  tho  other,  according  as  falling  wnter 
takes  the  form  of  rain  or  snow;  both  come  under  the  general  head  of 
Eating  meteoric  water.     In  a  general  estimate  of  the  rate  of  denu- 
dation we  may,  therefore,  without  sensible  error,  regard  it  as  the  work 
iroofauing  meteoric  water. 
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Again,  although  it  i*  probablo  that  tho  erosive  power  of  glacier*  is 
greater  than  that  of  rivers,  yet  their  action  is  so  much  more  local,  both 
in  time  and  tpaott  Chat  wo  hclicvu  we  may  take  the  average  rob 
river-erosion  as  a  fair  representative  of  the  average  rate  of  denudation 

Amount  of  Denudation. — A  mere  glance  at  the  figures  below  will 
show  in  a  general  wuy  the  manner  in  which  geologists  estimate 
amount  of  denudation  in  certain  regions.     In  almost  all  countries, 
e0{MoteIly  in   mountain-regions,  w  find  slips   varying  from  a  few  feet 
( 1-  ii-  ":  i ;  i  to  many  thousands  of  feet  perpejidioaiaf  (Fig-  887).    There 

are  slips  in  the  Appalachian  chain  which  nrc 
•  timi.t.Ml  to  be  8,000  and  even  one  StyQOO 
feet,  in  tin-  Fintah  x'tt.i  .;rh 

40,000  feet,  perpendioaiar.  And  ysl  in 
moBt  cases  the  escarpment,  which  would 
otherwise  exist,  is  completely  cut  away,  so 
that  no  surface-indication  of  the  slip 
Evidently  in  such  cases  there  must  have 
been  <  -n^i on  on  the  elevated  side,  at  least  equal  to  the  amount  of  slip, 
and  probably  much  greater.  The  dotted  lino  represents  tho  probable 
original  surface. 

.Sometimes  tho  horizontal  strnta  of  isolated  mountain-peake  corre- 
sponding to  each  other  (mountains  of  erosion)  show  that  these  are  but 


Kn..  M7. 
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Kit.  smb.— Ik'unili i  ut  Mud  SmjOsIoul-,  Nurtowesl  CoMt  Of  HoM-ohlra,  StoUacU. 

scattered  fragments  of  a  onco  high  plateau,  which  has  been  removed  bj 
erosion,  as  shown  in  the  annexed  figure  (Fig.  24S)  and  in  many  of  the 


a?.— Section  tcruM  Middle  Tenncaaco.    Tb* dotted  !>""  »liow tho  amount  of  muter  rea>>t<d 

figures  on  pages  369  and  270.     In  such  cases  the  erosion  must  h»« 
been  at  least  equal  to  the  height  of  the  peaks,  mid  may  have  been  to 

.-■-■.'-'-••"■;:"■  '.'.'."'.:::•}''■■'■'." 


Fio.  850.— Section  through  Portions  of  England. 
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any  extent  greater.  The  accompanying  section  across  Middle  Tennes- 
see shows  a  raffed  notion  of  1,200  to  2,400  fMt,  over  the  wbolo 
valley  of  i'li  i.-  sixty  miles  across  anil  one  hun- 

dred miles  long.      In   mosl  li«  removed   iii.ilUt  \m   Itol  10  easily 

estimated  as  in  those  mini ium'd.     The  strata  in  mountain-chains  are 


Tut.  »!.— Stctton  inroosn  Portion*  of  Ens  laud. 

nsnally  folded  in  a  very  complex  way,  Bad  thru  denuded.     But  the 

I   restoration  of  those  maybe  effected,  and  the  ann. tint  of  I  ration 
approxih  limatod.     Figs.  2J0  and  SOI  are  sections  across  the 

mountainous  porta  id  Kngland,  as  restored  by  l'ruf.  Kanisr. 
Average  Erosion. — By  these  methods  Prof,  llarasay  estimate 
udutiona  over  many  portions  of  Kngland  to  bo  not  less  than  10,000 
id  tliirkness.*     Over  the  whole  Appalachian  region  tho 
.dution  hoe  probably  been  enormoas,  lo  Bonu  phfiei  B,0M  to 20,000 
Orer  tho  wholo  region  of  the  high  sierra  llatigo,  as  WB  tun 
shown,  f  erosion  has  removed  tho  whole  of  tho  Jurassic  and  Triassic 
dates,  and  bitten  deep  into  the  underlying  graniio.    The  thickness,  of 
those  eh»t<W  is  not  known,  but  it  must  In-  many  thousand  feet.     In 
I'intah  Mountain  region,  nei.-np.ling  to  I'd  well,  over  an  area  Of  ifiOO 
square  miles,  an  average  thickness  of  three  and  a  half  mile*  has  been 


A 


./ 


i  m. 


t. — liuiah  MnnnUiDi — I'pprr  l'urt  n-lnroil  thowtng  K.ull  :  Lower  Put  »oi>wliig  lite 
l*r*fc.-iii  Condition  a*  produced  by  ErotKin  mfc I  i 


taken  away  (Pig.  958},  the  extreme  thickness  removed  being  nearly 
fire  miles.     From  the  Wahsateh  have  been  removed  82,000  feet,  or 


•  (,eolepi<*l  OtM^rrer,  p.  810. 

t  AtBwictui  Journal  of  Science  and  Arte,  roL  r,  p,  8M. 
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six  mile*  m  of  strata  (King).    Over  the  whole  Colorado  Flatten 

region   the   -mreegsion   of  olifls,  separated    liy  broad 

shows  enormous  erosion.     The  average  ero>ion  our  the  whole  rt:. 

has  been  estimated  by  Powell  and  Dmion  us  i;..*»uo  feet;  end  the  ii- 

no  general  erosion,  not  including  the  canon-cutting,  as  11,000  feet 
The  whole  uf  this  immense  muss  lias  been  removed,  too,  since  the  mid- 
dle Tertiary. 

It  seeius  impossible  to  avoid  tho  conclusion,  therefore,  that  tie 
avtragv  trosion  over  «U  present  land-surfaces  has  been  at  least  several 
thousand  hot 

There  m  another  mode  of  estimating  the  average  erosion,  via.,  by 
the  average  thickness  of  stratified  rocks.     3  -  of  erosion  is  car- 

ried down  into  sens  and  lakes,  and  forms  Btrata,  and  the  amount  of 
stratified  rocks  becomes  thus  tho  measure  of  tiu-  elusion;  !''<-'  average 
thickness  of  sediments,  if  they  had  been  spread  over  an  equal  area, 
would  be  an  accurate  measure  of  the  average  tbidensn  removed  by 
erosion.  Now,  the  Gratified  rocks  are  in  eomo  localities  10,000  feet, 
20,000  feet,  mid  sometiineM  40,000  and  60,0<Mi  feet  thick.  They  are 
scare. U  ever  found  less  than  2,000  or  3,000  feet.  It  is  certain,  there- 
fore, tlmt  the  average  thickness  of  strata  over  the  whole  known  surface 
of  the  earth  is  not  less  than  several  tlionsiml  feet.  !..■:  us  take  it  at 
only  2,000  feet.  But  the  area  of  *odi  mentation,  the  sea-bottom,  is  now, 
and  has  probably  always  been,  at  least  three  times  the  area  of  erosion, 
the  land-surface.  Thus  an  average  of  2,(U)0  feet  of  strata  would  require 
an  uveraire  erosion  ■<(  (J.OOO  feet. 

Estimate  of  Geological  Times.— There  are  many  facts  connected 
with  geology,  HpootaHj  the  hots  of  evolution,  wliu'li  can  not  l>e  in 
stood  without  ill.  adioi--ion  of  inconceivable  lapse  of  lame.     Pol 
reason  it  is  important  that  the  mind  should  become  familiarized  with 
this  idea.    It  will  not  be  out  of  place,  therefore,  to  make  a  rough  esti- 
mate of  time  bUeed  upon  the  amount  of  erosion. 

\\  i-  have  alrcudy  seen  (p.  11)  that,  taking  the  Missi-sippi  as  an  aver- 
age river  in  erosive  power  (it  in  probably  much  more  than  an  averagv), 
the  rate  of  continental  ero-ion  is  n»w  about  one  fool  in  '•.oiHl.  year*.  At 
this  remove  an  average  thickness  of  6,000  feet  would  require 

30,000,000  years,* 


*  Tlii!  bIhivh  ealimau-   lakes   (lie  leverage  thlduiCM  of  Mrnio,  and  vuppntc*  it  »[wrad 
<<■■  nivr  tli«  whole  .wi-butioin.     This  is  mrietly  udmlielble  only  II  we  wjipose.  vUl 
l.jvll   thnt  land  »nd  ocoan  hove  often  changed  plows,  so  thai  (  e*rtb*ur. 

f.i<->  i  But  If,  a*  Is  now  most  ircnerally  Miocd,  tho  occan-bariaa 

hare  remained  substantially  unchanged,  nml  wdlmenta  hare  aoamnalaiai  nlmont  *  holly 
on  their  margins,  then  arc  must,  It  U  tow,  inakp  our  nwuurillg  rod,  i.  it.,  thi>  rat*  i»f  M»li- 
mcutntion,  much  fTMtOr,  but  wc  tuuet  also  take  tho  sum  of  tho  ejtitmt  tl  trala 

l»  different  lucidities,  ua  da  tiling  l«  bo  measured.    We,  therefore,  make  another  cst'e 
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Some  may  object  to  this  estimation  the  ground  (bat  geological 
ageneieB  were  (raei  nimh  moro  active  tlun  notff.  l\  \  •■  probabln  lhat  this 
u  true  ■>(  Igneous  ageaeiea,  since  these  urc  determined  bj  the  interior 
If**  urth,  and  this  has  evidently  boon  dw:rea3ing.    It  is  probable 

alao  that  thin  is  true  of  the  otanieaJ  agencies  of  mist  in  disintegrating 
roeks  ami  Conning  soils,  since  chemical  effect*  .-ire  ulsn  usually  imivased 
b>-  heat.    But  there  is  good  misuu  in  baUere  that  tin-  mtchtinicel  agen- . 
■  if  water,  i.  e.,  its  erosive  power,  havo  baa  cnHstuntfj  increasing 
with  t In-  i  time,  and  aru  greater  now  than  at  any  pravfanafl 

except  tin 

For  ofaervc !  The  eroaivo  power  of  water  is  determined  entirely  by 
rapidity  I  of  air  and  water,  and  this  is  determined  by 

th*  diversity  <■/'  tempfratun  in  different  portious,  and  this  in  its  turn 
by  the  tiu  of  cud i unit t*  ami  the  hright  of  mountain.*,  Continents  and 
8oaa  are  two  poles  of  a  circulating  apparatus — at  one  poll  nsa- 

ithar evaporation.     In  proportion  fu  enndensatLon  are  also 
evaporation  and  ciretilatiiui.     Nuw,  there  i-,  good  reaJOO  to  belli 

i  many  oscillations,  there  has  been  throughout,  all  geological  times 
a  constant  increase  hi  thu  siaa  of  continent*  and  the  height  of  mount- 
ains.     If  so,  then  the  circulation  of  air  and  water  has  been  becoming 
swifter  and  swifter;  the  life-puUe  of  our  earth  has  beaten  qtdokei 
quicker,  and  therefore  the  waste  and  supply  (erosion  mid  ■edtmental 
i  greater  and  greater.* 
We  therefore  return  bo  onreetimate  of  :!<i."<>0,000  years  with  greater 
confidence  that  it  is  even  far  within  limits  of  probability.     For,  1.  "Wo 
have  taken   the  average  thickness  of  strata  at  8,000  test,  whflfl 
probably  much  more     i.  We  have  taken  the  Mississippi  as  an  average 
river,  and  therefore  the  present  rate  of  general  erosion  as  one  foot  in 
5,000  years :  it  is  probabil  much  less.     3.   Wfl  have  taken  the  rate  of 
erosion   in    previous  epochs  as  the  same  as  now.  while  it  is  probably 
much  lees,  :">»r  two  reasons:  1.  The  Ian  1 -surface  to  be  eroded  wasemaUer; 
and,  2.  The  erosive  power  of  water  was  less.     Taking  all  these  things 
into  ration,  the  time  necessary  to  produce  the  structure  wl 

we  actually  find  is  enormously  incrt-uscd. 


note,  on  Uifa  Immh,  following  Mr.  Wallace.  Taking  the  whole  land-surface  (oroalon  area) 
at  &7,i»),<k>J  Kjuar*  mile*,  and  the  niilinK'nlatloo  arc*  at  thirty  mile*  wide  |]0&g  »  I 
lino  of  1  "0,000  mile*  (=8,000,00(1  square  rnllee),  then  with  an  eroilon-rate  of  one  foot  in 
8/100  years  Inrteao  of  B/MO  year*,  the  aedimeniatiuu  rate  would  tie  niuciwu  (M  in  the 
■ane  time,  or  one  toot  in  1ST  yearn.  But  the  extreme  ihickneu  of  strata  U  at  least 
000  feet  Tin-  would  take  SS.OOO.OOO  years.— (Waltim,  Hand  life  ]•-  HO.) 
•  It  la  pumlble  that  the  erosite  effect  <»f  tides  in  earliest  geological  tirnc.i,  far  grrater 
tow,  on  account  of  the  greater  proximity  of  the  noon,  b  an  clement  which  y\:,.uU\ 
I  be  n#gleeted  (Nature,  eol.  ixt,  p.  ?9).  Bat  thU  probably  belong*  to  a  time  antecod- 
I  to  the  recorded  Liotorr  of  the  earth. 
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But  even  this  gives  us  no  adequate  conception  of  the  time  involved 
in  the  geological  history  of  the  earth.  For  rocks  disintegrated  into 
soils,  and  deposited  as  sediments,  are  again  reconsolidated  into  rocks, 
lifted  into  land-surfaces,  to  be  again  disintegrated  into  soils,  transported 
and  deposited  as  sediments.  And  thus  the  same  materials  have  been 
worked  over  and  over  again,  perhaps  many  times.  Thus  the  history  of 
the  earth,  recorded  in  stratified  rocks,  stretches  out  in  apparently  end- 
less vista.  And  still  beyond  this,  beyond  the  recorded  history,  is  the 
infinite  unknown  abyss  of  the  unrecorded.  The  domain  of  Geology  is 
nothing  less  than  (to  us)  inconceivable  or  infinite  time. 


/. 


<;eolo<jy  is  the  history  of  the  evolution  of  earth-forms  and  earth- 
inhabitaut-s.  There  an-  certain  laws  underlying  all  development — cer- 
tain general  principles  common  to  fill  history,  whether  of  the  indi- 
vidual, tho  race,  or  tho  earth.  Wo  wish  to  illustrate  these  general  prin- 
ciples "i  the  more  unfamiliar  field  of  geology  by  running  a  parallel 
between  the  history  of  the  earth  and  other  more  familiar  forms  of 
history. 

1.  All  history  is  divided  into  '■.-,  epoch*,  separated 
from  eaeh  other  more  or  less  trenchantly  hy  great  event*  producing 

mges.     In  written  history  these  are  treated,  according  to  their 
importance,   in   separate,  \  ■  ate   chapters,   sections,  etc 

Sotarth-huiory  i«  similarly  divided  into  geological  frus,  //o>  .<\  ptri'ul.i, 
;  and  these  have  been  recorded  by  Nature  in  separate  rork-tystems, 
mci'Series,  rock-groups,  and  nek~fo  w.     In  geology  these  terms, 

h^th  thoM  referring  to  divisions  of  tint  and  those  referring  to  divisions 
nf  record,  are  Dnfortonatolj  Loosalv  and  tatarohanca&bl]   used.    Wu 

shall  strive  to  us*;  them  M  definitely  as  possible,  the  srai  and  the  cor- 
responding i  "is  being  the  primary  divisions,  and  the  others 
subdivisions  in  the  order  mentioned. 

2.  In  all  history  successive  eras,  ages,  periods, etc.,  usually  graduate 
insensibly  into  each  other,  though  sometimea  the  i hango  is  moro  rapid 
and  rerolatiooary.     In  individual  history  childhood  usually  graduates 

ill,  and   youth    into  manhood;    yet   mmn; .:  n  remarkable 

,'.  determines  a  more  rapid  change.  In  .social  and  political  life,  too, 
successive  phases  of  civilization  embodying  successive  dominant  prin- 
ciples nsnally  graduate  into  each  other;  yet  great  events  have  some- 
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times  determined  exceptionally  rapid  changes  in  the  direction  CM 
nitc  of  movement.      So  a'.  bJetoryi      The  eras, 

periods,  etc.,  usually  ehado  more  or  less  insensibly  Into  each  nr 
then  ii:ivr  been  time-  of  comparatively  rapid  or  revolutionary  chn 
In  nil  history  there  are  periods  of  comparative  quiet,  during  which 
forces  of  change  are  gathering  strength,  separated   l,y  period*  ol  B 
rapid  change,  during  uhi'-h  the  accumulated  forces  prodo  pjeo* 

ous  effects. 

:t.  Ages,  periods,  etc..  In  all  history,  whether  individual,  j>olitical,or 
geological,  am  determined  by  the  rise,  gqlminstion,  and  decline  oj 
cessivdv  higher,  dominant  forces,  principles,  ideas,  functions.    T 
in  individual  development,  the  onimination,  Etrat,  of  the  nntri- 

live  tanothms;  thou  of  the  reproductive  and  muscular  functions;  .. 
but,  of  the  oezebral  functions.    Ami  in  mental  development,  also,  we 
have  the  culmination,  first,  of  the  perceptive  faculties,  and  rnenn 
then,  the  imaginative  and  Bathetic  faculties;  und,  last,  the  raflectm 
faculties;  the  first  gathering  and  storing  material,  the  second  vivifying 
it,  the  third  using  it  in  productive  mason-work  of  science.      I  1   - 
history,  too,  the  snocessive  culminations  of  different  phases  of  civil 

have  been  the  result  "f  the  introdti  id  oulmination  Of  suc- 

cessive dominant  prinoiples  or   ideas — of    successive  social   forces  or 
functions.     So  hits  it   heen  in  geological  history.     The  gr  -ions 

of  time,  especially  what  are  called  ayes,  are  ofal  rm  t--i ised  :;Lro- 

duction  and  culmination  of  successive  dominant  classes  of  organisms, 
for  these  are  the  highest  expression  of  earth-life.     Thus,  in  geoli 
we   have  an  age  of  111  ollu.sk.--.  an  ago  of  fishes,  an  age  of  reptiles,  IB 
which  the  -n -el v  the  dominant  class. 

Bat  since  (Law  2)  successive  ages  graduate  n ioro  or  less  into  and 
overlap  each  other,  ire  might  expect,  and  do  indeed  Hi 
characteristics   of  each   :>.  ■  ling  age.      \. 

ago  is  foreshadowed   to    the   previous  ago.     The  samu   is  true  of  all 
history. 

4.  In  ull  history,  at  the  close  of  an  age,  the  characteristic  dominant 
principle  or  class  declines,  but  does  not  perish.     It  only  becomes  sub- 
ordinate to  the  succeeding  dominant  class  or  principle.     Thus,  to  illus- 
trate from  individual  history:  in  youth,  the  characteristic  facultia  of 
childhood,  viz.,  perception  and  memory,  decline,  and  become  subordi- 
nate to  the  higher  faculty  of  imagination,  and  this  in  turn  becomes  su  lv 
ordinate  to  the  still  higher  faculty  of  productive  thought ;  and  thus  the 
whole  organism  becomes  higher  and  more  complex,  each  stage  of  d 
opment  including  not  only  ita  own  characteristic,  but  also,  in  a  sub. 
mi tc  degree,  t  hone  of  all    preceding  stages.     The  same  is  true  of  a 
history.     Each  stage  of  social  development  absorbs  and  includes 
social  principles  and  forces  characteristic  of  previous  stages,  but  subor- 
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aatee  them  to  tin'  tiigher  principles  (rhicfa  fr.rm  its  own  chara* 
Utic,  ami  thus  the  social  organism  becomes  ever  higher,  more  complex, 
and  varied. 

.  t  is  also  in  geologic  history.  When  the  dominance  of  any  class 
declined  ut  iho  end  of  an  age,  tho  class  does  not  disappear,  but  remains 
subordinate  to  tin-  next  succeeding  and  higher  dotuiuant  class,  and  the 
organic  kingdom,  as  a  whole,  becomes  successively  moro  and  more  00O* 
pica  ninl  varied  Thin  is  graphically  represented  by  the  accompanying 
diagram,  in  which  we  have  five  successive  ages  determined  by  the  cul- 
mination of  as  many  successive  dominant  classes. 


Tin.  ass.— Dfa$r»i  lulminalioB.  and   IV'-llne  of  gucceuiv*  Domin.icit 

CUmci.  aud  tbe  lacraulne  Cuiujilvilly  uf  llic  whole. 

5.  There  are  two  modes  of  determining  and  limiting  eras,  ages,  peri- 
ods, etc.,  in  geology,  viz.,  unconformity  of  tho  rock-system  and  change 
in  the  life-system.  In  written  huruun  history,  the  (UvJsfami  of  lime  are 
recorded  in  separate  volumes,  chapters,  sections,  with  boards  or  blank 
spaces  between.  These  divisions  in  the  record  ought  to  correspond  i<> 
conspicuous  changes  in  the  .■•lianieter  of  the  most  important  com- 

o  the  history  of  tho  earth,  the  rock-systems,  rock-.-i  at  .  roak»fbHaa> 
lions,  are  volutin--.,  chapters,  sections,  resjieetively,  more  or  loss  i 
plitcly  separated  from  eiich  other  by  unconformity,  indicating  blanks 
in  tho  known  record;  and  the  most  Important  changed  in  the  conn 
L  e-,  in  the  life-system,  ought  to,  and  usually  do,  correspond  with  the 

v  of  the  rock-system.  Hut  if  there  should  be  (as  there  is  in 
some  limited  localities)  a  discordance  between  these  two,  wo  should  fol- 
low the  ii  TV-system  rather  than  the  rock-system,  the  contents  rather 
than  I  ial  divisions  of  the  record. 

La  in  human  history  there  -3  *  general  onward  movement  of  the 

race,  ami  yet  special  mod  ideations  in  rhnrnetor  and  rate  ill  each  eoun- 

v  there  has  been  a  general  march  of  evolution  of  the 

rie  earth  and  the  organic  kingdom,  mid  yet  special  modilication.s  in 

continent,  and  tea  less  extent  in  different 

portions  of  tlie  same  continent.     The  great  eras,  ages,  and  period.-. 

long  to  the  whole  earth  alike, and  are  the  same  in  all  countries,  hut  the 

epochs  and  the  smaller  divisions  of  time,  though  similar,  arc  probably 

not  contemporaneous  in  different  countries.     Toll  fact  has  probably 

been  too  mm  ooked  by  geologists.     The  term  famoAatgf  b  used 

to  exprc-  •  ttago  of  evolution,  as  synchronism  is  used 

for  i  if. 

Great  Divisions  and  Subdivisions  of  Time.— Eras.— It  is  upon  these 
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principles  that,  geologists  have  established  tho  divisions  of  time  and 
the  corresponding  divisions  of  strata. 

The  whole  history  of  the  earth  is  divided  into  five  eras,  vrith  corre- 
sponding rock-systems.  These  are:  1,  Arehtoan  or  £otoic*  era,  Un- 
bodied in  the  Lauren/iait  system  ;  2.   Palmozair  f  era,  embodied  in  t lie 

PaJeBOBoiocj  Primary  Byetem;  8.    I  [  en,  recorded  in  Qm 

lory  Bystom;  i.  Oumoio?  recorded  iu  tho  Tertiary  and  Quater- 
nary systems;  and,  .'>.  The  Psychotoie  era,  or  era  of  Mind,  recorded  in 

the  ,'■ 

TheM  grand  <li visions,  with  the  exception  of  tho  last,  are  founded 
OB   an  almost  universal   unconformity  of  tho  rook-system,  and  a 
great  ami  apparently  sudden  change  in  the  life-s  hatige  affect- 

ing not  only  species  but  also  genera,  families,  and  even  orders.  Be- 
tween tho  la«t  aud  the  preceding,  it  is  true,  neither  the  uuconfo: i 
nf  the  rock-system  tier  tin-  i  hange  in  the  life-system  is  so  great  as  in 
i  i'  others;  but  the  introduction  of  man  upon  the  scene  and  th<- sweep- 
ing changes  which  are  now  going  on  through  his  agency  are  deemed 
sufficient  to  make  this  one  of  the  grand  divisions  of  timet 

We  have  already  seen  (p.  179)  that  unconformity  hi  the  remit  of 
deposit  of  strata  on  old  eroded  land -surfaces,  and  that  it  . 
always  indicates  an  oscillation  of  the  crust,  and  un  emergence  and  sub- 
mergence of  land.  In  every  such  case,  as  already  explained,  a  portion 
of  the  record  is  lost,  which  uuiy  or  may  not  be  recovered  elBBWa 
It  is  certain  that  if  the  lost  leaves  could  be  all  recovered,  and  the  rec- 
ord made-  complete,  the  mddennem  of  the  break  En  the  life-eytttem 
would  dl  \."..itli.'l.>s,  it.  is  also  certain  that  these  general 

inn  r.iiformiiK-M  indicate  times  of  great  change  in  physical  geogre 
and   therefore  of  climate, and   therefore  of  rapid  changes  of  organic 
forms;  and  therefore,  also,  they  mark  the  natural  boundaries  of  the 
LMViir  di'.  i sinus  of  /, 

Ages.— Apain,  the  whole  history  of  the  earth  is  otherwise  d: 
into  seven  age*,  founded,  with  perhaps  tho  exception  of  thctirst.ontlw 
culmination  of  Qartafn  great  classes  of  organisms.  These  are  :  1.  Tbe 
l.rhaan  or  Btwric  Ago,  represented  by  the  Laurrentian  system  of 
rocks;  2.  The  Age  of  Molhtsks,  or  Ago  of  larertebratex,  represented 
i",  the  Silurian  series  of  rocks;  3.  The  Ago  of  Fishes,  r  d  by 

the  Devonian  rocks ;  4.  The  Age  of  Acrugetm,  or  Bonietimes  called  the 
ifttftofM,  represented  by  the  Carboniferous  rocks;  6.  The 
Age.  of  It'i'tth  -■.  r.  ] . i- . ■  •-. ■  1 1 1 .  il  by  the  Secondary  rocks;  6.  The  Age  of 
Mammal*,  by  the  TVr/iary  and  Quaternary;  and,  7.  The  Ago  of 
Man,  by  the  recent  rocks. 

In  tho  accompanying  diagram  (Fig.  254),  vertical  height  represents 


*  D»wn  of  »iiim»i  life. 


•t  old  Rfa. 


}  Middle  life-  •  Recent  life. 
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.  tins  strong  horizontal  lines  divide  the  whole  into  eras,  while  the 
lighti-r  lin.'.s  where  necessary,  separate  the  ages.  The  Bonded  spaces 
represent  tho  origin,  the  increase  and  decrease,  in  the  course  of  time,  of 
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the  great  dominant  classes  of  animals  and  plants.  To  illustrate :  The 
daw  of  njitilfs  commenced  in  tlu-  uppermost  Carboniferous  in  rciiBed 
to  a  maximum  in  >ii'larv,  au>l  again  decreased  to  the  present 

It  will  be  seen  that  the  agee  oorreepond  with  the  eras,  except  in 
the  case  of  the  Palaeozoic  era.     This  long  and  diversified  era  is  clearly 
i  three  ages. 
Subdivisions.—  The  subdivisions  of  eras  ami  ftgu  into  period*  and 
epOtk*  are  founded,  as  already  explained  <p.  201),  on  less  general  un- 
n  the  rock -system,  and  less  conspiruous  changes  in  the  life- 
Tin.    The  names  of  periods  are  often,  and  of  epochs  are  neurly 
always,  local,  and  therefore  different  in  different  oomrMoa    We  will, 
of  conr*'  i  'se  appropriate  t<>  American  geology.    The  table  on 

page  200  represents,  as  far  as  period*,  the  clas.-ilir.ii  mi  need  in  this 
try.     Wo  have  added  epochs  only  in  the  uppermost  part,  viz.,  in 
and  Quaternary. 
\\  165),  an  ideul  liiu^rum  of  the  principal  groups 

of  strata  whieh  we  shall  DOtke,  in  the  order  of  their 
imperposition,  indicating  also  the  principal  places 
of  general  u: 

terms  used  for  the  divisions  of  time,  ami 
corresponding  divisions  of  rocks,  are  shown  in  the 
sccoinpjt'  liedule : 

Order  of  Discussion.— Many  geologists  take  np 
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the     several    epochs    anil 
periods  c.f  tin-   history  of 
the  earth    in   the    invent 
order  of  their  OOCi 
Oomi  with  it  thor- 

i'ti/h  diaOOSdon  of  "  armies 

geological    history    of    the 

present  time,  as  thai  n  ; 
is  beat  known,  tl  i 
this  the  basis  for  the  rtndj 
of  (he  epoch  iromedi 
ly   pi  .   and   wfc 

i  fori-,  is-  most  like  it. 
Having  eoqnired  a  knowi 
edge  of  Qua,  the  student 
passes   to  the    pn 
nud  bo  on.     This  ha* 
great  advantage  of  p 
ing  over  from   the  better 
known  to  the  b  ■  known, 
which  is  the  order  of  in- 
dnotion.    Other  geologists 
prefer  to  follow  the  uato- 

ral  order  of  event*    This 
h:w  the  great  advantag 
bringing  out  the  pliiloao- 
phy  of    the    history 
law    of    evolution.      The 
iir.it   method   is  the 
method  of   in 
the  aaoond  method  is  the 
beat  method  of  ; 

(ion. 

As  in  human  history, 
bo  in  the  geological  hi 
rv,  the  record*'!  cm  tits  of 
the  earliest  times  are  vert 
few  and  meager,  hut  be- 
come  more  and  more  nu- 
merous and  interesting  M 
we  approach  the  present 
time.  Our  account  of  the 
Archaean  era   will,  there- 
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Ion,  bo  quite  general,  and   will   not  enter   into  any  subdivisions,  ul- 
though  this  era  was  very  long.     In  the  next  era  we  will  go  into  the  de- 
scription of  tho  several  ages,  in  the  next  into  the  periods,  and  in 
next  even  into  the  tpd 

Prehistoric  Eras. — Preriona  bo  even  tho  dimmest  and  moat  impsx* 
feet  I  'f  the  history  of  the  earth  •  ad v  said  (p.  278), 

»n   infinite  abyss  of  tho  unrecorded.     Tin-,  however,  hardly  belongs 
i,  but  rather  to  cosmic  philosoi<by.     \\  I  :i|iproach  it 
not  bj  tcrifltn  record*,  but  by  manna  of  BtOl  probable  general 

scientific  reasoning.    "We  pass  on,  therefore,  without  pause  to  the  low- 
eat  system  of  rocks  containing  the  record  of  the  aarlli 


CHAPTER  J  I. 

LA  V IIKSTUN  SYSTEM  OF  ROCKS  AXD  ARCHAEAN  ERA. 

chief  glories  of  American  geology  to  have  estab- 
I  this  a*  a  distinct  system  of  rockB  and  a  distinct  era. 
It  had  been  long  known  that  beneath  the  lowest  Palaeozoic  rocks 
there  still  existed  itreta  of  unknown  thickness,  highly  metamarphfc 
ami  apparently  destitute  of  lofleflft  These  hid  been  usually  regarded 
as  lowermost  Palaeozoic — us  the  earHsft  defued  leaves  of  the  Pala-o- 
■aie  volume.  But  the  study  of  the  Canadian  rock*,  by  Sir  William 
Logan,  i!  he  existence  of  an  enormous  thickness  of  highly-con- 

netamorphic  strata,  ecvrytpiAara  uiu-miformable  with  tju   on 

ing  Prin  Silurian.    More  reoentobser  vat  ions  show  this 

relation  not  onlj  in  Canada,  but  also  in  New  York,  on  Luke  Suitcrior, 

Nebraska.    Montana,    Idaho,   Wyoming,  Colorado,   Utah,   Nevada, 

mil  Arizona.    Nor  U  it  confined  bo  our  own  mim- 

for  the  game  n  neon  forma  ble  relation  n  found  In  MurchUon 

be  west  coast  of  Scotland,  between  the  lowest  Silurian  (Cambrian) 

iin  underlying  gneiss,  evidently  corresponding  to  the  Lauren tinn 

anad.i.     Similar  rooks,  and  in  siiii ii.-ir  unconformable  relation,  hate 

been  found  underlying  tin-  primordial  in  Bohemia,  and  also  in  Sweden 

and  Bavaria,  and  many  other  phone.     Such  genera]   unconformity 

shows  great  and  efld  changes  of  physical   geography  at   this 

d    therefore  mirks  a  primary  division  of  time.     There  seems 

no  longer  an.  therefore)  that  it  should  be  regarded  aj  ■  distinct 

■ 

following  figure-  58)  give  the  relation  between  the 

end    the    Laurent iait   in    New   Mexico,  in    Canada,  and    in 
Scotland. 


LATTREXTIA.V   SYSTEM  OF  ROCIS 

These,  then,  are  the  oldest  known  rocks.     They  form  the  fir- 
uni«  of  the  recorded  history  of  the  earth.     Yet  they  evidently  art-  Bet 


Flo.  BM^-Sectlon  acrou  Santerlia  Mountain.  N«v  Ki  vhntfHOUl    0,   ssiiorun:  .1, 

ArvliKOu;  in,  uu'taillforoUB  vein  uiflcr  <Jill-vrt.i. 

the  absolute  oldest;  evidently  they  do  not  constitute  any  pari  of  tin 
primitive  crust.    Tor  they  are  themselves  stratified  or  fragru- 


1  » 

Fjo.  S87.— Section  i-li<pw;n:.- rrirui.riliiil  iiiii..iif,irimiMr 'mi  iln    \  1   Anba&u  or  lurtnUia; 

J.  Hi  iiuirdlal  or  Lciui«i  Sllnrbiii  tufu-r  Ijiptn). 

rocks,  and   therefore,  formed  from  the  dttrit  of  other  rocks  still  p] 
thau  themselves;  and  these  last  possibly  from  still  older  rocks.    'J 


n.  ■■        ii>  1  :.'.,i,.  -■  ■  Uoo  ■■  :•  '\-. ici__  •'!'•  Rtnictrm  M  Uii  rtortti  Hlgklaadii  1    LnHBttUK  ft  i'n 

1  SUuriauiJukveV 

m    ,;ni'ii  iii  v;vin  for  the  Bo-called  primary  rocks  of  the  origins 
Thus  i«  it  with  all  history.     No  history  i$  able  to  write  I 

mug. 

Hocks. — There  is  nothing  Tery  characteristic  in  tin-  rocka  ol  Qm 
Latircntiun  system,  eXOOpt  their  extreme  and  universal  luettunorjili: 
They  do  not  differ  very  conspicuously  from  metuinorphic  NCksaf  OtbM 
periods;  consisting  probably  of  altered   sandstones,  liin  ami 

■  Li v>.     They  arc  all,  however,  very   much  contorted  and    very   In. 
metamorphic.     In  Canada  they  consist  mainly  of  the  Bckiet 
passing  on  the  one  hand  into  gm  if    and  granite,  and  on  tho  other 
hornblendic  gneiss,  syenites,  and  diorites;  of  sandstone.", 
quartzitos;  and  of  tin  ing  into  marbles,  wlii- 

(iinos  oven  intrusive.    These  together,  in  Canada,  forn 
at  least  50,000  fed  tliiek. 

Interstraiii'n-d  v.nh  these  are  found  immense  beds  of  iron 
more  feet  thick,  and  great  quantities  of  graphite,  Bometimee  topi 
nating  the  rocks,  and  Bometimes  in  pure  Beams.    In  rocks  of  this  age 
occur  the  great  iron-beda  of  Missouri, of  (few  Jersey, of  I 
and  of  Sweden  ;  and  probably  tho  mountains  of  iron  receuth 
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ii.*    The  quantity  of  iron  found  in  these  strata  is  far  greater  than 
in  any  Other.      It  may  well  be  called  the  Age  of  Iron, 


llu.  *».— Oml.-rUua  of  UuicutUu  Strou  i»ft«  Logan). 
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The  above  figures  show  the  contortion  of  the  strata  (1  i.  and 

the  mode  i>f  •  ccurrenoe  ofl  the  iron  I  •'.  861)i 

Area  in  North  America. — l.  Then  strut*  cover  the  greater  |>ortion 

l.abrndor  and  Canada,  and  then,  taming  northwestward,  extend  to 

an  unknown  i  Irat  pi  obahly  to  the  Arctic  Ocean.   The  area  forms 

abroad.  Y,wi<  arms  of  which  is  btelowd  Hudson's  Bay.    It  may 

bo  t  i  ftp,  p.  291.     This  is  the  most  extensive  urea  known  on  the 

\  On  the  eastern  slopes  of  the  Appalachian  chain  un- 

patehes  are  found  as  far  south  as  Virginia,  and  a  larger 

in  this  region  ii  referred  with  much  probability  to  the  same.  This  is 
shown  on  reap,  p.  &KL  Its  farther  extension  southward  along  the 
chain  is  still  doubtful,  though  probable.  3.  in  the  Rooky  Mountain 
region  extensive  lines  and  areas  of  outcrop  arc-  known,  trending  in  the 
general  directum  of  the  chain, and  forming  the  axis  of  the  great  ranges." 

Peroral  email  patches  are  also  found  Nattered  about  in  the  basin  of 
the  Mississippi,  apparently  exposed  by  erosion. 

Doubtless  the  Lanrentian  rocks  are  far  more  extended,  but  co> 
and  concealed  brother  and  Inter  rock...     The  area  mentioned  il 
area  of  burface-exposnre.     It  represents  so  much  of  Arclueau  sea-bot- 
tom as  was  subsequently  raised  into  tend,  and  not  afterward  again 
covered  by  sediments;  or,  if  to  covered,  tgoii  5  by  erosion. 

Physical  Geography  of  Archaan  Times.— A*  these  are  steal 
iocI  Loatt  have  been  formed  from  the  of  still  older  rooks 

forming  <i  that  time.    But  as  they  arc  tin-  oldest  known  ro.-ks, 

we  know  nothing  of  the  position  of  the  land  from  which  they  were 
fnrnu-d.  Bnt  since,  daring  tho  rest  of  the  geological  history,  the  con- 
tinent bos  developed  from  the  north  toward  the  south,  it  seems  most 
probable  I  land  lay  still  fan  th,  perhaps  in  the 

utic  region,  and  disappeared  when  the  Laurcntian  area  was 
ted  into  land. 
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BMOftW, 

ret  com- 


Time  represented.— The  enormous  thickness  of  these  rocks  (6 
feet  in  Canada,  and  still  greater  in  Bohemia  mid  Havana)  certain! 
dioatei  a  very  great  lapse  of  time.     It  ia  probable  that  tho  Arehaan 
than  all  the  rest  of  the  recorded  history  of  the  earth  pal 

ihcr;  and  yet,  precisely  as  in  the  beginnings  of  human  history. 

ltd  ia  . 1 1 iii-- - ;  ■  blank.    Eht  areata  an  few,  ami  imperfectly  now 

Evidences  of  Life.— We  bam  already  axplau 

ore  is  at  present  accumulated.  \Ye  liave  there  Hhown  that  all  aoOUMIIfr 
lations  of  this  kind  now  going  on  are  formed  by  the  agency  of  orgl 
matter.  It  is  almost  certain  that  the  same  is  true  for  all  times,  and 
therefore  tint  iron -ore  MWlllDulatii>us  an.'  the  siiio  of  tie 
organic  matter,  mid  the  mumtity  of  the  ore  accumulated  is  a  mnisure  of 
the  amount  of  organio  matter  eODmmed  ia  doing  the  work.  The  im- 
mense. hedB  of  iron-ore  found  in  the  Laurentian  rocks  are,  therefore, 
evidence  of  tb«  wdrtanoa  of  organisms  in  great  abundance.  That  these 
organisms  wen  ehiqfy  riyilnlile^  we  have  the  further  evidence  derived 
t'r.iin  the  gnat  hedgof  grapliit'- ;  for  graphite,  at  wq  shall  see  her 
is  only  the  extrenio  term  of  the  inetaniorphisin  of  coal. 

Of  boa  existence  of  mri'imil  organisms  the  evidence  is  nor 
plete,  although  it  is  probable  that  the  lowest  forma  of  l'rot". 

as    rhizopoda,    were    | 
dant.     We  have  seen  that 
Kmutonet    are    abnie. 
among      the      Laurentian 
rooks,   Vow,  the  limestone* 
of    subsequent    geological 
epochs  arc  almost  wholly 
composed  of  the  accumula- 
ted shelly  remains  of  low- 
er   organisms,     especially 
nullipnres    and    cocci  ' 
among  plants,  and  rhizo- 
poda among  animals. 

The  ooriatenoe  of  rhiio- 
pod  'V  mine  to 

have    been    demonstrated. 
Than    I  a  found 

abundantly,  in  the  La 
tiiti    limestones  of  Canada,   of  Bohemia,  of    Havana,  and    elsewhere, 
large,  irregular,  cellular  masses,  which  are  believed  by  good  authorititt 
to  be  the  remains  of  a  gigantic  forum  iniferous  rhlzopod.     The  sup- 
posed species  has  been  nailed  Eozoon*  Conodenn.    Fig.  263  is  a  see- 
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Flu.  ItnZ— Mrrllfin  nt  thn  l!a«o  of  Specimen  of  Efi»n*i. 
*  |.    From  a  photograph.    <ATUt  P 
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>zoonal  mass,  inn  iinil  si?..-,  in  which  the  white  is  calcareous 
matter  ■oppoead  to  have  i>< ■•  a  nented  bj  the  rxUxopod,  and  the  dark 

corresponds  to  the  supposed  animal  matter  of  the  rhixupwd  its.  If  ;  ami 
Pig.  863  I  small  portiOD  of  the  same,  magnified  so  as  to  show  tho 
structure  of  the  cells. 

in.  uiul  is  still,  much  discussion  an  to  the  organic  or 

mineral  nature  of  these  curious  structures.    If  Hum  irregular  masse*  bo 

d  of  animal  origin,  it.  la 

hat  ili.-v  belong  to  the 

lowest  forms  of  compound 

tosoa—  lowt-r  far  than  th"  sym- 
metrically- formed  foranunifera 
of  lal  |  -.     It  is   precisely 

in     such     almost      ui 
minvtfi  of  protoplasmic  m 
that,  according  to  the  evolntipn 
hypothesis,  the  animal  kingdom 
I  to  origii 
Some  rerj  obscure  tracings, 

SIltrEe.itin^  \hv.  uimtible  existence    Pro.  JS8.— Diagram  of  a  Portion  of  EnwOncir 

r°         *  ,  .  rally  .«.  a,  ■    i  h  minimi 

of    murine   iCOTnU,    have    been 

i a  Canada  ami  in 

yet  we  have 

■    l  .  .       ice  of  any    i 

mult-  higher  than  the  protozoa, 

iponibli!  tn  kiv  thai  other  animals  of  low  form  did  not  exist; 

ooe of  aoy  reliable  trace  in  rocka  no!  mora  matamorphiQ 

ii  somo  of  the  next  era,  which  are  crowded   with  fflfltBBS  of  many 

ite  a  paucity,  if  not  an  entir  .at  tin-  time, 

animal*. 
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CHAPTER  III. 

PRIMARY  OH  PAZjEOZOJC  8T8TKM  OF  \  W>  PALEOZOIC 

BR 

Description. 

This  is  a  <li.-  mofro<  rid — 

a  distinct  r<"  »,  containing  the  record  of  a  di  -stfsletrt, 

[net,   being   oven  where    mi.  .1   to   tht 

rut  inn  Im-Iow  and  mdary  above — a  bound  volome — volume 

second  of  the  Book  of  Til  ■  lift-system  is  also  equally  distiu  et, 

It 


■»•» 


PAtuSOZOlC   SYSTEM   OF   IK  m  KS. 


being  conspicuously  iiffi  mi  tram  that  vhh  h  precedes  and  that  which 
follow.-.     Whatever  of  lib  batora,  its  record  ta  too  imp  I 

give  us  n  clear  conception  of  its  character.     Utit  in 

u  necs  of  abundant  and  uied  life  are  clear  j  more  than  BOyOOO 

yifn  ..',-, 'iiiJ.     It  stands  out  thu  most  distinct  era  m 

the  whei  Tlic  Ai' h;i  ;ni  n  .-urded  as  the 

iiji  the  Paheosoii  -  mo  dawn 

Rocks- Thickness,  etc.— Tin-  rocka  of  tl.i  although  les* 

powerful  than  the  preceding,  are  ulso  of  enormous  thickness  comparrd 
with  those  of  later  geological  times,  being  in  tho  Appalachian  region 

ubmit   40,0<IO    feet;    in    Nevada.    ;il 1    40,000    feet;    in    the   WahsaU'h. 

Mountain-,  :;:!,i  hid  feet  (King).    Hut  these  extn  kb  i  sees  are  more 

in.'. 1 1  limn  in  Hi.  case  of  1 1:..  Ai'i'ii.i  an.    [I  i-:  believed  thai  n  are  ula  ii 

siving  tlisit  the  lime  represented  l>\  i.liein  is  e(|tial  to  :ill  ml 
to  the  present. 

There  is  nothing  very  characteristic  in  the  rocka  composing  Palaeo- 
zoic .-tr.'ita,  though  the  Jirai-l i. cd  eve  i:  them  bf 
their  li tin  character.  Though  strongly  folded  and  highly  rneta- 
inoiphia  in  mum  regions,  these  charaotei            it  bo  universal  as  in  the 

Ijiurentian. 

In  the  I'i.ile.1  Slates  the  rOCkl  of  ;he  wh.de  system  lire  often  con- 
formable— for  example,  in  New  Yotk  and  in  Utah.  In  Barone*  on  Cba 
contrary,  the  prinoipal  difiaioai  arc  usually  u neon f>  I 

country,  therefore,  the  Bobdmriona  are  founded  almost  wholly  on  bhanga 

in  the  lift  •  v-i'  m;  while  in  Europe  the  same  subdivisions  are  fotJi 
on  unconformity  of  the  rock-^tiin,  ;i-  wi-11  a.-  change  in  the  lif- 
torn.    Farther,  in  Una  oountrj,  in  passing  from  Pennsylvania. 
Mew  York,  Into  Canada,  wb  pan  oTer  the  outcropping  adgesof  th» 

who!  i,  from  the  h:  t ho  lowest,  and  finally  into  the  1*0- 

rentdan  (Fig,  364).    This,  taken  in  eonneoti 

tin-  rooks,  about  thai  during  the  Palaeosoio  the  continent  in  this 

was  successively  developed,  from  tho  north  toward  the  south,  by  1 1 

Zn^T 

S  r 


II  IS  Ij.S         i  A 

Flo  aw.— Idtnl  Section  I  into  riwn  Canada  ta  .io;  A.  Arcbcaw;  £  Snl 

f  '.\  Silurian;  !•.  Dconianj  ( 

upheaval  of  the  Laurentian  area  and  successive  exposure  of  contiguoaf 
flea-botiuiii.  In  Europe  the  oscUlationa  seem  to  have  been  more  fre- 
quent and  violent. 

Fig. 964   is  a  section  from    Pennsylvania   to   (  iinada,  showing  th« 
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above  (Kg.  Mfl).  It  may  be  stated  roughly  to  embrace  oil  that  part 
include^  'li''  <ir.ni  Lakw  so  the  north,  trie  Blue  Ridge  of  tin 

Appalachian  chain  on  the  east,  the  Prairies  on  the  west,  and  Middle 
Alabama  ud  Boutbl urn  Arkansas  on  the  south.  It  includes  the  richest 
portion  of  our  country.     Besides  this  great  continuous  orea  there  art 

i    i    i.f  imperfectly  known  size  and  shape  in  the  Rocky  ICoi 
ain  region,  and  on  either  side  of  the  Sierra  N'evuda. 

Physical  Geography  of  the  American  Continent.— At  tha  bcgmninj; 
of  the  Paheozoic  an  (Primordial)  the  lam)  was  substantially  the  Ar- 
chmantii  !y  i  leMribc(l,/i/M«  certain  areas  of  Arcliaan  nicks  which 

were  then  land,  bin  have  been  ftffesffVSfltfjf  RWSWd  by  later  deposits— 
tin  Areha?an  areas  which  hare  been  snbttqutntltf  trp<ntd 
by  erosion.    The  map  (Fig<  86C)  *  is  an  attempt  to  reprooont  approzt 
marelv  bhfi  i'i'!i'i;irn:  .if  thai  time.    It  consisted  (1)  of  a  great  jY«rM<T« 

(-mass  corresponding  roughly  to  the  Canadian  V-shaped  Archest) 


Km.  a»—  M»|irif  Primiin'iil  Turn-.    Hl«rk.  rrlntlni:  wb»  »n>t  l»Xr»;  llc'H  >hni\c  portlaa*  of  I* 
dOtUdllDI      Ini   m    if  nr.j  g  thr  Imid  rmrmlTil  lw;<i»l  the  |irr»cDt  »horc-line  Ui  «*  mht 

rtlHAiif*,  reprnumt"!  hr  "■''  •rtutt  i 

area.    (3.)  An  /•/  ■■  id-masa,  including  tho  Appalachian  Anihaan 

ruv.i.  Imi  i  \ tending  fur  beyond  it  to  the  eastward  (for  the  coast  strata 
here  are  Cretaceous  and  Tertiary,  resting  directly  «•■!  Archa-an,  without 
any  Palaeozoic  between),  and  probably  beyond  the  present  limits  of  the 

•  A  map  rliuUar  to  tbc  nbore.but  contnbins  nlao  «nall  Mattem!  |»tcli«  of  AretiM* 
■notarsa,  is  »oiuetlnic»  apokrauf  a."  u  Antunn  nia|»  of  North  America,  nr  map  of 
Arctiitan  land.  It  mii'i  tw  lumn-  in  initid,  huwi-rnr,  tliat  it  represents  lt»d**d  laad  of 
Archmn  ttra/a,  but,  for  lh»l  Tory  muoii,  Dot  "f  Arehean  t>*>-  liriajl  tia*- 
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continent.  lotted  line,    h  i-im- 

nectod  in  North  Atlantic  region  with  mass  No.  1.     (i.>   .\  large  V, 
orn  lmnl-tn&*9  of  unknown  >]i;i|"  and  aiao  in  the  B  )  \ 

largo  land-mass  in  the  region  at  tfaft  Colorado  and  Park  ranges.    X 
an-  r*.t i II  other  small  Arelnenn  urea-,  tun   these  OWN  probably  not  laud 
at  that  time,  but   have  been   exposed  h)  erosion.     Between  thi 
marrrn  on  the  north,  the  east,  and  ■>■  was  an  immen>< 

— tho  great  interior  Palwomo  Sou. 

reason  tor  thinking  thai  the  Eastern  land-mass  was  an  extensive 
one  in  the  inunenaa  thickness  ol  Paliaozoic  sediments  irhioli  aoomna 
ft  in  the  sea  along  Its  western  border.     The  reason  for  thinking 
ilmt  there  van  a  large  strip  of  land  in  the  Bantu  region  Is,  be 
all  that  region  the  Meeozoic  rocks  reei  directly  and  anoonformably  on 
Ar.liii-.tii,  the  icholt  Palaozoic  bring  wanting! 

«;is  tho  contineut  at  the  beginning  at  the   Paheoxoie  era. 
is  as  a  nucleus  the  continent  somewhat  steadily  developed  until 
ill     i  the  Palaeozoic  area  was  added  to  island  theeonti 

came  perhaps  somewhat  like  that  represented  nn  page  I'd,  Bl  the  con- 
tinent "t  I  0108. 

If   wo  compare  the  Pabeosoio  rocks  of  the  Appalachian  n 
the  same  in  the  central  portion  of  the  Mississippi  la-i 

[lowing  ehangefl  as  we  go  westward  :  (a.)  The  ruck.-  in  the 
Apj  region  are  highly  metamorphic;  as  we  g<<  westward,  they 

become  leas  and  loan  so,  until  in  the  region  about  the  Mississippi  Rivet 
aravhoDj  (f>.)  In  the  Appalachian  region  they  are 

mplexly  folded ;  us  we  go  west,  these  folds  pass  into 
gentle  nndulationa,  which  die  away  into  fun  i  (9ee  section,  Fig. 

In  tho  Appalachian  region  they  aro  about  40,000 
thick;  as  we  go  west,  they  thin  out  until  the  whole  series 

Mississippi,    (rf.)  In  tho  Appalachian  regio  and 

bales  predominate  greatly  over  limestones;  as  we  go 
.-•  proportion  of  limeetoi  until  these  are  the; 

These  four  changes  are  closely 
and  all  with  the  formation  of  the  Appalachian  chain,  as  wc  have  already 
in  the  chapter  on  Mountain-Formation  (p.  858). 
Subdivisions. — The  Palsxnoia  era  I  i  into  thn  rhieh 

are  embodictl  in  three  distinct  subordinate  rock-systems.     These  ages 
are  each  ohan  I  by  the  dominance  of  a  great  daas  of  organisms. 

They  are:  I.  The  Silurian  System,  or  Ag$  of  Invertebrates, at  some- 
H  called  Age  of  Molluxk*  :    8.  The  Devonian  dgsi enu  or  Age  of 
Fiehc* ;  and,  -''..  The  brew  -\v«'«»,  or  Age  of  Acragcna  and 

Amphibian*.    These  are  three  chapters  in  the  Palieozoic  volume. 

These  three  systems  are  generally  conformable  with  each  other  in 
the  Palaeozoics  of  the  United  States,  as  we  havo  already  ihown,  but 
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elsewlicjv  riirv  an  afb  a  aiiconibnnablo.    Before  taking  up  th 
the  order  of  1  tnoi  the  Silurian,  it  is  necesaai 

!  i  in  our  record  soparatea  tho  Arch  wan  from  1 1 1 

Interval, 
W^   bare  already  seen  that  die  lowest  Silurian  li 
on  the  aptoroed  and  wo  n  od  the  Brampted  strata  of  the 

i .:!!(:••  :n ia:i.    flTe  lia\r  ebo  shown  (pagi     li  >  dial  i  ■ 
rndieatw  alwaye  en  neoilbvfcion  of  thu  earth's  araet  eJ  the 
place,      i  nitelj!  it  indicates  en  upheaval,  bg 

eeriea  of  robka  became  laod*eurfaoe,  and  were  at  the  tame  tii 

impled;  thou  a  long  period  tmrecordtd  el  thai  | 
whicb  the  land  wai  eroded  and  the edges od 
axpoaed  j  then  a  labaidenoe,  end  the  depaeil  of  the  upper  aeriea  of  p 
on  these  exposed  itl^cs.    Now,  (iscilluti.'i  > .« inoreaae and 

create  of  land-eui  Eeee>  Evidently,  thereforei  aueo  incareaae  and  decrease 
of  land-eucfaoe  took  place  in  the  mr  rvnl  bob 

Pal.i'u/iiir  i/l'a>  ;   ami   tin-  1  -n-ili  of  t'ni-  UlireCOrd 

vol  i?  measured  l >.-\  tin-  amount  ->f  aroaion  irhiob  the  Laorantiao  un 
^tlioloweal  PoliBOxoic has anflered.    \\-  tatedthal  • 

at  tin/  beginning  ><l  the  Silnrian  age  irai  approximately  ti.    . 
area.    Tin-  .shore-line  nf  tin'  earliest  Palaeozoic  sea  whs  the  Lino  of  ji 
ii"ii  i"       an  the  Silurian  and  Lanrenl  I).    /;.</ 

(hie  .'"'..  ,i,ii  t  ■■■Hue  at  the  end  of  the  Archetan  time.     E 

tliis  shore-line  u.i-  much   farther  south;  evidently  tho   land-area  mi 

iniicli  greater  at  the  end  of  the  An  beginnii 

Silurian.     The  Archiean  era  was  oloeed   bj  the  •'/  into  land* 

surface  ond  tlio  onnnpling  nf  the  strata  of  the  whole  LenraniJau  area, 
and  mud  more.    Then  followed  an  internal  of  which  we  know  o 

sept  that  it  was  of  loug  duration,  during  which  the  crumpled 
Lanrentuu)  .strata  forming  the  them   Land-surface  wi 
Then,  at  tin-  and  of  tfaia  interval  oame  a  mi*  down  to  the  mm-i- 

line  alrrail j  indicated  aa  the  Silurian  shore-line,  and  the  Silurian  up? 

mi. ■!>■  est  sediments  beingof  ooone  deposited  on  tbeexp 

edgi>>  "!'  thi'  submerged   Laurent  Ian  rookBi 

I  have  attempted  to  Ulnetrate  these  fact-  hi  the  full  owing  diagrams 
{Wig,  ''-'•'< ).  in  which  the  last,*',  represents  a  north  and  south  aei  ti on  of  th 

:  i  'in  and  Paheozoics  <>f  the  < 'aiiudinn  md  southward  t->  1' 

lylvani*    The  orumpled  and  eroded  strata  of  tl  :u  are  mm 

onderlie  nnoonformably  the  primordial  rocke  foreonu  south— 

bow  far  we  know  not    This  ia  the  present  m  of  things.    Ho* 

the,  came  s.»  i-  shown  in  «,  ft,  '•,  and  rf.  In  «.  we  have  the  supposed 
ciiinliiion  of  bhinga  LnArchaaan  times.  The  position  of  the  land  wai 
BOmewbere  northward— wc  know  not  where.     In  b,  a  large  portioi 
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aigjnal  Ma-bottom  irtu  rai*  la         d  at  tin- same 

onunpled.    In-.  ■  ma  ended,  so  that  t  ho  edges  of  strata 


iKtan  iii 


'Trcfupan 


.  flfff 


M*g 


-i 


Land  of  '.It.  iUhI. 


Son 


Spa 


.  atr.  -Idem)  Section.  rtiOwiUK  lion  t'nciu>f<.'nultT  i*m  yv  h«  C*iiailUo  fiurdvr 
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exposed.     Tin"-  WM  daring  tl  rat?.      In  flT,  the  land  sank 

•  ■  the  primordial  shore-line,  and  the  Pahaoxoic  an  ooinmsnoed. 
i In-  land  gradually 

«*•*.•  Cambrian,  Silnrian,  Devonian,  and  Of  "U«  agcs- 

'•«1  substnm  condition  arw  since. 

\\     bave  spoken  that  Gar  only  at  the  cmoomformltjol  the  Saw 
Vim'  idian  rocka.    This  phenomenon  may  be  eat* 

i.inI.  ns  we  have  seen,  by  local  oscillations,  with  inoreaei  and 
of  land-area  during  the  tost  Interval    Bat,  ■  remambar  thai 

i  found  in  the  moal  ltidely'separated  localit 
over  the  whole  aroa  of  the  United  States,  we  arc  force!  to  tin-  rnm-lu- 

•  r  'i  rval,  :is  compared  with  the  Silurian,  was  probably 
a  em            J  period — a  period  of  widely-extended  land  compoaad  "f 

The  whole  »f  this  land  disappeared  by  robmerg 
at  tlio  beginning  of  Uu  Primordial,  except  the  Canadian  area,*  largo 
area  cast  of  the  tVppalachian,  and  probably  a  eon  le  area  in  tin- 

Baain  region,  and  perhaps  a  fen  <r  larger  areas  in  the  Primordial 

seas  between,  I  in  map,  Pig. 

In  all  ■paeulatfoni  on  the  oripin  of  the  animal  kingdom  by  eroln- 
i y  necessary  to  bear  in  mind  t!  at.  for  it  was 

evidently  of  great  dnration. 
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SlOTIOfl    1.— Sii.i  iti.\x   Sy.*ti:m  :    Age  Of    INVERTEBRATES. 

The  Rock-System. — The  rodki  of  this  age  have  been  carefully  *i 
in  England.  I iy  Sedgwick  ami  Murchison;  in  Russia  e  daubs 

Mfarchiaon;  In  Bohemia,  by  Barrando;  and  in  New  Vurk,  i>y  Hull. 
The  dii  loons  and  nil  in  isions  established  by  these  geologists  bi 
i  Mine  the  standard  of  comparison  elsewhere.    'I 
olearlj  defined  bj  Unxonieon  in  Wale*.    The  name  Silurian  was  given 

l.y  Miirchuon  to  the  rook    ..)' the  «■//.■'  '1'he  nam-  min 

given  I  iy  Sedgwirlc  tn  (he  lower  parr.  We  have  called  The  whole  age 
Silurian,  but  tin-  great  thickness  and  exceptional  importanas  of  the 
lower  part  have  induced  many  geologists  to  oreol  this  into  a  distinct 
rrstem  equivalent  to  the  Silurian,  ami  to  oall  it  GaiHbrum,Qt  I'n- 
mordiaL  We  shall,  however,  make  Cambrian,  or  Primordial, one  of 
tin-  primary  divisions  of  the  Silurian  age. 

Subdivisions. — Hie  following  table  gives  the  divisionsand 
visions  of  the  rocks  and  the  corresponding  peri  mix  of  the  age  in  this 
niiititry : 

i  Lo««  UcMcrbcrg  Period. 

U|>pcr  SIluriUL -San:. 

•rnra 

I—W-— ]23ta 

Cambrian  or  Primordial     ,  ^a^,  « 


Silurian  Age  or  Ape 
of  IiivprtcbraiL'i.. 


The  larger  divisions,  via.,  Primordial,  Lower  Silurian,  and  I 
Silurian,  are  generally  fBOOgniaed.     The  subdivisions  are  local,  i 
country  having  Its  own;  bnt  they  are  synchronised,  as  far  as  p*«>iU-. 
by  comparison  of  fwrfls     As  we  shall  be  compelled  to  treat  the  age 
together  as  a  whole,  we  shall  use  the  word  Silurian  to  express  I 
Of  the  Wholfl  age,  alt&Oagh  We  freely  adliu! 

Mmordial,  or  I  in,  as  compared  with  other  i 

Character  of  the  Rocks.— The  Silurian,  lib  |   all  rocks,  aro 

■tly  distn.  id   mctamorph"-'"!   in  mountaln-regiona, 

loss  so  than  the  Lanrentian;  but  in  Sweden  and  Russia,  an 
viilley  of  the  Mississippi,  they  arc  found   in  their  original  boriaootsl 
position,  and  nut  greatly  changed  from  their  original 
diti'.n. 

Area  in  America.— tty  turning  to  the  map  (page  801)  it  will  be  seen: 
1.  That  the  Silurian  i*  attached  to  tho  Canadian  Lanrentian  nucleuses 
an  irregular  border  on  the  outer  side  nf  the  V-shaped  area;  2.  A: 
tho  Appalachian  Lanrentian  region  i-  al.-o  bordered  on  the  wes 
Silurian;  3.  Also  we  observe  large  patches  in  thi  r— one  ah 

Cincinnati,  another  ooonpying  the  Bonthorn  portion  of  atisaonri  and 
northeast i  ro  portion  of  Arkansas,  and  one  in  Middle  Tennessee 
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Also  as  narrow  bands  on  the  flanks  of  nearly  nil  the  Rooky  Mountain 
ranges;  5.  Also  CO  in  Bona  region  thcutlinesof  which 

are  1 1  urn. 

Physical  Geography. — At  the  beginning  "f  the  Silurian  (Pi 

dial  i  aid,  the  land  was  approximately  the  LauveiiUaii 

•  ).    The  Silurian,  which  embraces  the  great  V-ahaped   '■ 
ia  area  on  the  southeast,  south,  imd  southwest,  was  then  the  MB> 

i  r  of  the i.-t  of  the   l'riinonl  i:il  n  mtitietit.      The  Sill: 

bordering  the   Appalachian    Laurcntian  was  also  then  a  era-bottom 
bordering  toe  Primordial  continent  in  that  region.    It.  10  probable, 

also,  that   the  Silurian   ut  the    Kooky   Mountain    region   also  borders 
Liiiri-iitiiiii  areaSi  and  these  areas  represent  IVimonlinl  oontinettl   .  Bttd 

SUorian  border  the  marginal  eea-bottom  of  that  time.  She  othi  1 
patches  mentioned  in  the  interior  ware  probably  bottom  of  i>pcn  seas. 

Now.  the  Silurian  area  represents  so  much  of  Silurian  sea-butuin-. 
aa  were  raised  into  land-surfaces  during  or  at  the  end  of  Silurian  times, 
and  not  subsequently  covered  by  sua.*  Then-fore,  ut  the  beginning  of 
Silurian  times  the  land  was  the  Laorentian  area;  while  at  the  end  of 
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r».«j.-<l««jloclc»miporNcw  York:  a.  ArchirAn;  pa  PMwndlBlt  I  5,  Unri  i  marlas 

.   m    ii   \i- •■■\,.-.'\i     ■•    Batx  irbonlforona;  Ct Coal-BVMWM. 

Uic  Silurian  times  the  land  eu  increased  by  the  addition  of  the 

area.    This  a  ill  made  al  once,  bnt  very  gradually. 


•ThU  if  true  u  a  broad,  gvtural  fact ;  but  patehc*  of  Silurian  may  a1*o  b*  cxpoacd 
by  uwufW  of  Ut*r  ikiH«itf<  by  erosion. 


pa  of  Qua  increase  have  been  carefully  studied  in  dTbw  York. 

i  iiv  ma]>  (PI j  bowa  the  principal  successive  steps,  as  does  also 

the  section  (Fig.  864)  with  which  it  should   be  compared. 

lion  of  i  '    1 1  res  shows  not  oolj  the  Sfluriai  Ijiu- 

r-'mian.  Inii  the  rucks  of  the  periods  bordering  etch  other 

■n.-r, .  u,  l'.  •.  ...  iiiui  in  walking  [n.in  I'iiinsylvanie  to  Canada*  or  to 

the  Adirondack  Mountains  of  New  York,  ire  BUCCeBStfBfJ  walk  0*01  the 
Carboniferous,  she  Devonian,  the  Silurian,  and  the  J«aurentian;  • 
in  tin.'  Silurian  over  rocks  of  the  periods,  froi  ■_'hcrt 

to  tin-  lowest.    This  plain!]  shows  thai 
tinenl  ( Leurentian  area)  wasdowrj  trpfaeaxed,  and  oontiguooaaBa-l 

■  I  to  the  land,  and  fch<  shore-lini  gradually  pushed 
southward  bom  the  Canadian  region,  and  probably  westward  from  the 

l;i)nl  i>n»    the    Appalachian.       Of  0003*0,    therefore,    thl 

Silurian  aboro-line  was  the  raoel  Dorthern  andeaatenn    Thi 

Primordial  Beach  and  its  Fossils.  adj  stated,  tin 

i  bsiaoterof  this  treatise  renden  it  impossible  to  fa 

the  several  periods  of  this  age.    We  must tfine  ia  general 

description  of  the  ago  only.  But  there  is  bo  pei  a  iar  and  sp*?ciul  &u 
inters*!  connected  with  the  dawn  of  life  on  Lhe earth,  I 

be  lit     >-!rm  of  the  whole  age,  it  seems  necessary  to  saysotnei' 

of  tin'  tarlitat  fauna. 

Wo  have  seen  thai  at  the   beginning  of  Silurian  timea  a  Iar] 

■  li;i)icil  mass  of  html  occupied  the  region  now  embraoi 
Labrador,  and  stretched  northwestward  loan  unknown  distance, thi 
arms  of  the  V  being  nearly  parallel  to  the  tw...  jircsent  shorn  <■ 
AiniTu  ■•in    I  niitiiu'iit ;  further,    that    a    lani]-iii.)>s  nf  extent  link  no  vn 
ooonpied  the  position  ed  the  eastern  dope  oi  the  Appalachian  chain; 

i .  th.ii  bud  of  unknown  extent  occupied  the  poeitioii 
Mountains  stud  Basin  region  j  and  the  continent  waa  tl 

OUt     Now,  southward  of  the  liist  -  uu  nt  i-  ■  nil  I  hind-arvti  anil  between  the 

r  tw'i  til-  :i  interior  sea,  which  wo  hare  c  <  In- 

Irrinr  PalmOtoU  Srn.     Thi  if  that  sea  beat  upon  the  001 

inures  north,  east,  and  west,  and  accumulated,  on  exposed  places,  a 
I'm  bea  of  tii  ...        i.  -e  found, 

of  oonne,  eloeary  bordering  the  L  nrontian  rook  ;,  ( 'anadian  and  Appv 
laohian,  and  lying  nneonformably  upon  them.  They  are  the  primordial 
.-undstoi:  of  Canada,  New  York,  lViinsyh:ini:i,  Virginia, 

and  probably  Tennessee  and  Georgia.    The  fact  that  these  are  indeed 
remnants  of  a  beat  h  is  proved  by  the  existence,  in  almost  every 
of  sfwre- marks  of  all   kinds — etich  as  ripple-marks,  sun-cracks,  worm- 
tracks,  worm-borings,  broken  ahsUsj  etc. 

This',  then,  is  the  old  primordial  beach.    It  is  of  the  extremes!  I 
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est  to  the  geologist  because  it  murk-  the  outline  <>f  the  awliasl  s.luriaa 
sea,  and   OO&taiht   the  remains  of  ilk-  BSrlest  Silurian  fauna.      Indeed, 

M  inav  sa;  it  c-<  hi  i  a  ins  tin-  remains  of  the  oarftut  known  fauna,     I 
true,  the  lowest  Uhizopods  probably  existed  in  Anduaan  times,  but 
d  not  be  said  to  constitute  a  Euros.    Wit] 

;r  i>f  Silurian  limes,  however,  WC  li ml  at  once  a  considerable  va: 
limal  forme. 

w  iiai,  tii.-i,.  wis  the  eharaater  of  this  earliest  Etans  sad  floral 
we  could  have  miked  along  that  beach  when  it  was  washed  by  . 

murdiul  BeOS,  what  would  wo  have  found  cset  ashore  V      II  ■ 

found  '■  ■■■■■'  ••_•'/"• 

ttraia.     The   Protozoa  were  then  represented  by  *]iongt»  and 
RliizopotlB;  the  Radiate*  by  Hydrozoa  (graptoHtes)  ( I-'i      •;    i 
lidaaa  (  the  molluskd  by  fir» 

teropo/lx  (I'lcurotomiu  myWa  (Figs.  878-879),  and  eras  ( 

i<n«>>fs  (orthoeens);  and  the  ArticnJatea  by  CVtucocwww  (trilubites, 
etc.)  1 1" i  171)  and  Worm*  (Fig.  281).    Plants  ere  r 

/■ ,'  ■■!,/<.    These  widely-distinct  ehi  I  ready  clearly  differentiated 

ami   lomawhat   highly  organised.     Nor  is  the  fauna  :i  meager  one  iu 
luunlii  i  hi    :  m-i  is.     In  the  United  States  ami  I  aaada  aloue  about  100 
species  are  already  known  in  the  primordial,  of  which  nearly  l«" 
friln/iift:* ;  and   iu   the  lowest   zone  uf  the   primordial,   VIS.,  I        '■Uun 
bed*,  there  are  134  species,  of  which  !>b  are  trifobite*  (Waloott).    About 


I'm.  an 


t -i .. .  SB 


I-,...  sea 


:-,...  .-s- 


Pmb.  iftV»H.— roiiBiijs   l'maniuuxt.  Ko»»n.»:  8M.  Olillinmin  »ntiqii«.  probably  »  pl»ru.    8?L 

HB.    LlDCakMa   tc  mitm.-i       iBfl.    T  111,     9U. 

Modi '-ii.;.  ■■■  nlT<  ■-.-          tn    "1:11.    II-.  ,.-.,.     ■;.«;.  m:  ,..;!:,  .-,,.-;i, :„,•      ISO     II;. :.,  i  ►  ■  ■■.  »rrr,' 
c»ud».    an.  uh-uua  macruriM. 

a  dozen  species  of  plants  are  also  known.     When  we  recollect  the  g 
age  of  these  rocks  and  their  usual  metamorpln-iu.and  the  fragmentary 
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character  of  all  fossil  faunas,  it  seems  certain  tbat  great  abuiulauco  and 
Tariety  of  life  existed  already  in  those  early  MM     Of  this  life  the  tri- 
kibitos,  by  their  Bin,  their  abundance,  their  variety,  and  QtSBJ    h 
organization,  must  be  regarded  as  the  dominant  type.     Anion:' 
largest  trilobite*  known  at  all  are  some  from  this  period.     The  Para- 
doxidc?,  roproeeuted  in  Rgs.  iiN'.i  anil  J'.'",  attained  a  length  of  twenty 

/uahbedsof 
the  same  age  furnish 
apeciim  i-    d   the  same 

us  two  feet  long. 

We  give  m  the  above 
figures  a  few  of  the  more 
rkable  primordial 
forms  taken  from  the 
rocks  of  this  country. 
and  of  foreign  countries. 
uded  only 
to  give  a  general  id 
the  fullness  and  varieu 
of  the  primordial  life; 
the  affinities  of  these  fos- 
ails  will  be  discussed 
hereafter. 

Oeneral  Remarks  on  First  Distinct  Fauna-— There  are  n 

Btl  of  great  philosophic  interest  suggested  bj  t  ho  nature  of  these 
ins: 

1.   Plants  in  this,  and   in  all   otlic  m    far  le  - 

tmmeroi:  -sail  state  thafl  animals.    This  can  not  be 

intt  animals  wen-  more  abundant  thuji  plants,  for  since  ill''  animal 
kingdom  subsists  on  the  vegetable  kingdom,  and  sinoe  onxj  animal 
consumer  many  time*  its  own  weight  of  food,  plants  mutt  have  been 
always  moro  abundant  than  animal*.  The  true  reason  of  the  greater 
abundance  of  animal  remains  is  to  be  found  in  the  fact  that  the  hard 
parts  of  animals  are  fur  moro  indeetrucl  n  any  portion  of  vege- 

\c  the  end  of  the   Archaean  times — when  the  AraluMn  volume 
closed — we  find,  if  any.  only  the  lowest  Protozoan  life.     Put  with  the 
Of   the  next  era,  apparently  with  the  tir.-t  pages  of  the  next 
we  lind  already  all   the  great    t ;.  ] i - 
■  'bruta.  •  arc  nor.  the  lowest  of  each  type,  as  might  have 

been   expeOtod,but  already  trilobites  among  Artictihitn,  and   Cephalo- 
poda among  Mfelhwen — ani  \eh  am  hardly  be  regarded  at  hteer 
the  middle  of  the  animal  'rale. 

■  hastily  conclude,  however,  that  these  widely-divergent 


Pia.  B88.— Paradox  nl"  B 
cai,  Foreign. 


tin.  taO—  t*ir.". 
lUrl.ni.    »    |  nifter 
Kogrm,  Aincrtcin. 
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and   hijrhly-nr^anixed  types  originated   together  at  once.     We  mn«   re- 
member that  between  tin-  Archaean  and 
rui  ot  enormous  duration.     Kvidoutly,  '  ,  the  Primordial  fauns 

'a.    Evident!)  ire  have  Dot  yet  re©  ■ 
leaves  in  which  is  recorded  die  gradual  differentiation  of  these  wi 

■  -.     ,\n  Hue  rmi.-i   have  taken  pla< 
Icrrii/. 

Hut  if.  on  the  other  hand,  we  suppose,  us  many  do,  thai 
proceeds  always  "  with  equal  steps,"  then  we  ced  x»  the  verj 

probiibh-  ''nii.'hipiun  that  the  1  ■  *ri t  interval  is  equal  to  all  geotog 
which  followed  to  the  preeent;  for  the  differentiation  of  types  wl 
occurred  during  that  Interval  is  equal  in  value  u>  nil  thut  has  I 
place  since. 

Therefore,  wo  are  eompell.  W   to  ftdmil  thai  there  have  been   U 
bietorj  of  the  earth  periods  of  rapid  change  in  physical  goograi 
periods  of  comparative  quiet  in  this  respect;  that,  corresponding  with 

s,  there  have  been  also  periods  of  rapid  evolution  of  the  o.--. 
kingdom,  developing  new  forms,  and  periods  in  which  forma  are 
.stationary.     The  periods  of  rapid  change  an:  marked  by  uncoil 
and  are  therefore  unfortunately  often  lost. 

As  we  proeeed,  ue  will  probably  find  ninny  examples  of  rapid  change 

a  bieh  must  be  aeeounted  for  in  a  similar  manner. 

Qtutral  LtJ  nri'iii  Age. 

After  this  rapid   sliebdi  <>f  the  t'tr.-l   fa. ma.  v.v  now  take  up  the  gen- 
eral life-system  of  the  whole  uge. 

There  were  •  traordinary  abundance  and  variety  i 

in  the  Silurian.  These  early  seas  literally  swarmed  with  living  beings. 
The  quantity  and  variety  of  life — the  number  of  fn  '<  and  uf 

ijMefa — were  probably,  not  less  than  at  the  preeent  time ;  though  at- 
.!, ■!  ,.-!-i. ■•■    .  ami  departments,  were  lew  diversified.     (K  i  spe- 

ejej  bave  ''ecu  described  from  the  Silurian  alone  (Bo  rande);  and 
these  must  b<  regarded  as  only  a  small  fragment  of  the  actual  fauna 
of  tl  certain  favored  localities,  the  number  of 

in  i  kreaof  a  single  stratum  will  compare  favorably  with 

number  now  existing  in  en  *qual  area  of  our  Yet. 

in  all  this  teeming  life  there  is  not  a  single  imilar  to  any  fa 

in  any  other  geological  time     And   n  re  the  sp.-,  i,  -  p* 

l nt t  even  the  genera,  the  families  and  the  orders,  are  different  freai 
those  now  existing. 

We  can  give  onlj  a  rerj  brief  sketch  of  this  early  life,  ton* 
the  meet  salieni  points,  especially  such  as  throw  light  on  the  gwtt 
question  of  evolution. 
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Plants. 

With  the  exception  of  a  few  Bmall  land-plants,  ferns,  ami  club- 
mosses,  recently  found  in  the  Middle  Siluriun  of  both  this  countn 
Kuropc,*  and  of  which  wc  ibsll  speak  ui'iiin,  I  In-  only  phots  yot  :• 
»re  the  lowest  forms  of  cellular  cryptogams,  viz..  mariiu  nhja  or  sea- 
weeds.   It  isdiilieult,  from  the  impreeeiona  left  by  these  to «; 

ii.  macb  more  species,  with  any  degree  of  certainty.     We  shall, 
therefore,  cull  them  by  the  genera]   somewhat,  nub-finite  name  of 
•■■•nix  (  Fuout,  tangle  oi  krlp),  or  Fucus-like  plants.    As  already  stated, 
plants  are  far  less  abundantly  and  perfectly  preserved  than  auiniul 
account  of  their  want  of  a  skeleton. 


• 


.1  nkaaXtk 

Protozoans.—  The  large,  irregi"  which  are  called  Eoroon 

seem  ontirely  characteristic  of  Archteau  limes.     If  they  are  1: 

animal   origin, 
are    rejl  tin 

Nilnrian  age  by  more 
regular  form 
are     usually     called 
Of  these, 
the  most  charm 

Silurian  genera 
are  i  tpora 

and  Kecrptaculitis 
(Fi«s. 

They  seemed  to  have 
formed  large  e<»r*I- 
line  masseR,whiehar* 
now  regarded  either 
as  hydrocorals  (Stro- 
matopom)  or  as  com- 

I  •«  - ::  1 1<  1 

(Ileceptacnlil 

Radiates,  Corals.— Corals  were  very  abundant,  forming  often  whole 
rock-mus>< -,  tu  if  they,  whilo  living,  formed  '   ■ 

(Heats  warm  seas,  show  a  great  uniformity  of  temiwrature,  nitice  they 
are  found  in  all  portions  of  tin  earth  alike. 

The  coraU  of  the  Silurian  age  belong  principally  to  three  families, 
"/.«,  or  cirp-corak  :   Favositi 
ah;  and   HaJytitida  »>r  duain-corah.     They  are  remarkable  in  not 


Fio.  Vfi.—  Stromnt-ipcini  ru«ne». 
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"ulaUe)  (Big,  307, a),  giving  a  cellular  structure  which  may  be  finer 
or  coarser.    5  io  be-  made- up  of  snail),  hol- 

low, flattened  columns  with  tmj  •  j»ta,  united  to  form  reticnk 

tinted  plates,  which  on  section  havo  the  appcaru: 
in  all  directions.    Those  are  also  ml&ntely  tabulated.    Tl  [opo- 

re  similar   to  the  Hah -in  i  that  tlio  hollow 

wlumiis  ,i:  d  and  connect  with  eaeh  other  on  I }  m  j>I;kt.-. 

obarat  toristio  species  of  these  families  m  .. 

re  are  man;  other  forms  than  those  mentioned  above,  tat  their 
lilies  arc  little  Ondi  ;uid  iminv  are  ti- >t  true  corals,  but  Polvaoa 

sponges.    H<  ><^  all  the  corals  of  Silurian,  in  fact,  of  False 

times,   fall   under   two  orders— RuQQSa   and    Tabulate.      The   Cjatbo- 

phjlloid  pea,  the  other  families  mentioned  are  Tabulate.    The 

iiracter- 

16  I "--  * T  -  •  -  ■ . 

Tabulate  arc  also 

hav>  "''}', 

,:..  tin-  milli- 

^•wa 
r   from   modern 
< -orals  in  baring 
-   radiating  septa 
ilea  "f  i' 
whib:    modern    *t.u-- 
aorala  have  theirs  in 
niuli  five  or 

six.     Heuco  star-cor- 
als have  bean  divided 
types — a 
Pal-  :  a  Xeo- 

BOM  —  the  one   1. 
pan.  iti- 

te)i 

ported  ta). 

IIiih>itiiL*urediarao- 
■ 

i  \iri- 
nn    and     D< 
and  <  ralhop 


fi...  n 


J 


na,  it.' 


Fin   311. 

T\a* *»*«-  >Lm>d  ntT>w>iOi:  S10.  S*rt«liirui  pfenMSI  n .  »■'- 
uril  (Im;  f..  ciil«r„"r>l. 
rU     II V    PlnimiUrU. 


>i>«rc«  «r«  now  </tia-n  u>  I*-  Drdroxon  iIIvJmmwmI*).     It  Is  possible  th»t  ibu 
m  ma;  be  inio  of  Tubulin*. 
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Hydrozoa. — Tliti  ptrfrtt  forms  of  i  \\;..   McduKW,  or  \v\\y 

ie  so  eoft  and  perishable  tlmt,  vsitli  one  or  two  exception 

M  esozoic    rocks, 
an  not  found  pr*. 

d     .11    ull     in    the 
stnita  of  an',  geolcgkl] 

period.    The)  m»j  or 
may  cot    have  i 
at  tliw  Li i nc  ;    probably 
"V  ""'  'l"t  tbe 

larval  form  of  mi 
not  all,  Medon 
compound  polypoid  an- 
imal, forming  a  mioBto* 
^branching,  hon 
coralline  axis.      Three 
mimitoly    -    branching 
axes  air  si  rung  on  each 
"V\    §  '■'  j?    -I'lf  with  cellts  in  \s 

are  iooloted  little  poly* 

pold      Ullillialr.  ! 

Fio.  aia  SM.  grow  in  still,  quiet  «• 

iimb- 

taki'ii   by  the  nnt 

tjflc       f.ir        R'll  -  mod. 

mpc- 

ID,  art;  veil  adapttd 

for  preservation,  ami  it 

I;  is    larval 

therefore,  only  that  w 

might   Bzpeot  to  find. 

309-311  arc  e» 

amplea  of  li\ing  forma. 

Now,   in 
shales  of  Silurian  ip> 
especially  of  Low 
luriun   and    Cambrian, 
are    found    abuudantlj 
beautiful  irnpmsiowof 
an  organism  wnu 
r.«.8i7.  ;   probMj  " 

not    Sl.1.117  -OSAPFOl  it*«  :   IIS.    niplnRraptu*  nrlftii  (ill«    pollfxl      UvdrOZOSlI    »l- 

KkboWoO),      8H     I-l.  v/l-.wrr-n.t.i.    l>|Mn  infl.-l  llnlll      81&1H-     ,.      ,  ,       n       .     .       .         .  ,u- 

dynHn."*),!!..  Y-fr..i.  I  Hall).    -Tin.  (imi Idinaliaganl    Ill'U  to  rWrtaiArjaM  W» 

back  vk«,  .-.  fr.u.tTlpw.  .lum,i  ttn  Nlcbolwn).    prist  lit  Ua>.       i  nej  are 


^a^^*^ 


Kui.  SIS. 
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called  tpaptoWe*.    Sometimes  the  cell*  are  arranged  on  on©  side  of  the 
leeon  both  sides,  sometimei  i  he  axis  in  divided.    Wl 

.  .wi' cif  guest  iin[i«ii:.iti,T.  Inasmuch  as  they 
tod  ikon  with  cell 
both  'an  and  Cambrian.    The  twin  granto] 

(Fig,  315)  arc  id  ao  wholly  eharai  ini-iii  ,,f  Lowei  >i  I  uriau. 


\ 


!\ 


r^ 


/ 


ri„».  SIP,  5:».    (iHaituuiu:  aiH.  Dcadrogriptiu  llnllUiiUMiiricr  llalli,     319.  GriplolIU*  i 

uciinit  (niter  llilh. 

Polyzoa.—  There  are   many  kinds  <»f  Compound  eorullini'  iinimulu, 

rwobablj  allied  to  the  Brjosoa  (sea-mate)  ( Kg.  880)  of  our  present  seas, 
!    in   the   Silurian.     The  doubtful 

i.f    t !»■*<•    l'al.i'ozi-.ii-  f.-.rnn,  ami 

the  tliCKoult y  rating  them  - !  i  ■  1 1  ■  I > 

certain  forms  oi  true  corals  on  the 

hand,  and    from   oeriain    f< nins  of 


graptoUu-s  on  tli-  eem  to  require 

their  notice  in  this  connection,  although 

their   affinities  arc  probably    molluacotd. 
Two  of  •■'  hi  forms  are  represented 

and  322. 
Echinoderms. — During  Silurian  tinu"- 
Bohinodenna  was  represented 
prin'  A  I'rinoid  is 

a  stemmed    Echinoderm,   usually    with 
blanching  anna.    The  animal  consista  of  a  li  talk,roo4edto 

the  sea-bolt- Jin,  an- 1  Inuring  atop  a  rounded  or  pear-ehaped  Lm 
cftd  with  calcareous  pi  from  the  margin  of  which  spring 

arms,  which  ■■ug  and  profusely  bran  tied,  or  ihort  and  do 

or  absent  altogether.  In  the  middle  of  the  ralvx.  between  the  beset  of 
the  arms,  U  placed  the  mouth.  Their  general  structure  and  appear- 
ance will  In- Wit.  Uvexuin::  foil  owing  figures 

(323-; '..'.'•)  of  living  Orinoids. 


Fig  840.    Living tvi*  ••'"'   T"lh-tr»lnin- 
cnt.i-         ■ 
ibow  '.l-  . 


Fiot.  841  anil  324.—  Su.cni*>  TonriM*:  SSI,  Ftawtalla  rlc;ra«  (after  Unll>.    K8.  Alette  Mkf» 

rolUci  |0fnt  ll»ID. 

ino.ierms  may  bo  conveniently  divided  into  three  ordnrs,  viz. :  the 
Echinmtls,  or  sea-nrvliin-j ;   Tin;    Atlmtil  the  GW- 

w  Ow  monitors  of  the 


nd  second  orders  are  free 
moving,  while  Quae  of  Um 
third  are  stemmed*  of  then 
orden  Um  OrinoMfl  arc  tlw 

proved  nut  «ii.l-i  liv 
their    simpler    organi: 
but    also    by  tlio    foot  tint  • 
living  Orinoid,  the  «'"tiiatula 
(Fig.  385),  is  atta' 
young  J 'tit  free  when  niatore. 
Nov,    In    Silurian    times, 
Um  -mm  mod  Kchinralermsan) 
very  ahnndant,  while  the  free 
try  rare  \  al  the  present 
time,  iin  tlif  i.initniry.  the  re- 
verse is  the  case.      Tims,  »n 
the  eonrse  of  time,  the  former 
decreased  until  they  am  now  ill  must  extiiu-t,  while  the  lir  -.used 

until  they  hit  nmv  very  abundant.     IT  we  take  the  abondan  :inc- 

-.,,  luring  geological  times  as  constant,  and  represent  the  ware 
time  hy  tht)  abseil  .1  /-'  I  )-  and    the  abnndi  n  \n<* 

from  A  D  to  G  D,  then  the  parallelogram  would  represent  this  fact. 


RhlsoertnoJ 


SILUKU.N   ANIMALS.  31 1 

If,  now,  n  draw  the  diagonal,  C  B,  then  the  shaded  triangle  VOttM 
represent  the  Btemmed,  and  the  unshaded  tin:  free,  and  the  diagonal  the 


Tm.  ML— A  Urfcit  Ttn-.  CrlnnM-OmatuW  m*ct*.  iho  FcatlKr-Slw:  u.  frw  ujull ;  6.  flxeil  young 

ufivr  Kurliwi. 

of  decrease  of  the  ono  and  rkhwmm  of  the  other;  and  the  whole 
the  general  relation,  of  the  two  sub-classca  throughout  time.    In 

fALACOZOtC  NEOZOIC 

Dnvn*      Gabon!  r*^ 


ECU  INOIOS 


Sf, 


°'0; 


OTMMU 

iCTim  ihnwine  tlif  DKtrUiiili'iM  in  Tlmr  of  Itic  <'i»-«  of  K.  Ii  uinrlonn*. 

the  Palawaoic  thr  :   predominate ;  in  tin-  Mi- MM ic  the  two  are 

equally  represented;  in  modern  times  the  free  prcdomiiu ■■■ 

hinoderma,  t>r  Crinoids.  ma\  In  divided  into  three  fami- 
lie*.  viz.  :   I.  f'rini-h  ;  ~i.  <'i:*thls  ;  &.  BUuMd*.    f'riuiiLs  an-  tin-  typical 
ing  arms,  ul ready  illnstrated  tron  111  iplee 

tidt  (Figs.  827-330)  we  of  ■  Uadd*r-)Sk*  form 
(hence  the  name),  and  are  either  without  anna,  or  ekw  haw// ■>•;  gJu/ri, 
simple  arms  springing  from  near  the  center  of  the  tipper  part  of  the 
body,  the  month  being  probably  on  one  side.  Tho  radiated  stra- 
in these  in  imperfect.  BltuUtidt  (Or.  fiXcum*.  n  bud)  had  ■  bod«8hepad 
body,  with  five  petalloid  spaces  (ambulacra)  radiating  from  tho  top  and 
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reaching  half-way  down  the  bodj  (*•«  Rga.  683-58  If 

■■!-.  ;nv  oompombk  lo  inverted  Star-fishes  with  mum  id  »t 


:■■'-, 


IV..  .177 


PU.  32S. 


Fw.  ass. 


PM  M 


A/ 


k 


If;    HI 


Fro. 


Pius  t.'.  $N     Sclttuah  CmnroiM:  97    Ovrocrlnai  nmntn*.     s»  PlfwrncY«tui«  ••] 

Sift.  !'-■  ill  •'-(•» iini  iaTt*-r  i.fltkc-uL    330    l^padocflmif  i>-l»hiii\lll.     ' 

»flfflnu»  di  a   with  anna;  ft,  larger  upcr lineiia  wlthoat  i 

arm*.    KM.  IililliyiK'riniu  mblevla  (after  Unlll. 

upon  ■    i.ilk.  Hn  <  rystids  and  Blastoids  may  be  compared  to  Sea-urchin 
similarly  Mb      All  tln-so  families  ure  found  in  the  Siluriun.     Tin- 
tids  paas  away  with  the  Silurian,  and  are  therefore  charact- 
thut  IgO.      The  Mastoids  pass  away  I ii •fun1   the   Mid  of  the  <  'arlii-iiiifiT- 

niis  age,  ami  are  therefore  characteristic  «>f  the  Paheozoic  era,  but  eepe- 
ciully  of  the   Devonian  and  Carboniferous  ages.    The  di 
tho.  three  orders  in  time  i-  shown  in  diagram  (Fig.  826).     The  Crinids 
continue, though  in  diminished  numbers,  to  the  present  day;  on 
course  in  ntj  diftVrant  families.     Figures  of  Bhtftoidn  urn  given  ui 
the  Carbonif. irons,  Where  they  were  far  more  abundant. 
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rio.3«  Pio.iW. 

Plo»  xa  «*?.— Siutmax  Cnntoiin  MB  A*rim>ii>»:  S3S    M«iri»cnnn«  MMIIw  lUllv 

OM.  UomocriiMU  MHiMrtnmiiflrr  IUIIi.    SB    n   Icrocrlnoa  simplex  toftcr  M«ak)     xw.  l*ruta»- 
Mt SfdKwickii.     5C.  P*lM»t«r  Sliipffvrl  l»IUT  II I 


Mollusks— Acephate  or  BivahfU. — Bivalves  may  bo  divided  Into  two 

jrreni  .--iih-t'lu84es,  riz.,  !  m  (leaf-gHls)  ami/.  irm- 

vnlvw  of  Lamellibranchs  are  riV/Af  f///'/  /»;,'/ ;  those  of 
Brachio]>ods  are  upper  and  hirrr,  <>r  ilorsil  and  ventral.  UnulnojXHls 
are  much  less  highly  organized  than  tho  other  sub-class,  and  differ  so 
MKii'i.i'li  in    their  organ i/atmn    thai    some  of  1 1 1 •    bed  naturalist*  re- 

mnvc  them  not  only  from  tin-  rlass  of  Acephala,  l»it  from  the  depaH- 
m*nt  of  IfoUnaca,  and  ally  them  rather  with  the  Worm*.  Their  gen- 
end  raaamblance  in  external  fbrn  to  biralvee  make*  it  more  001 

trad  then  under  that  bead,  until  the  qneation of  their  afflnitj  u 
more  definitely  settled.    Hrachiopods  arc  very  abnndanl  in  tin  .Silurian. 


314 


PALEOZOIC  BT8TEM  OF 


General  Description  of  a  Brachtopod.— A  Brachi. 
oj)Oil  shell  UlirmilfTl  of  two  valves,  a  dorsal  ami  n 
triil.    Tho  ventral  is  the  larger,  and  usually  projects 
beyond  the  dorsal,  at  the  binge,  m  a  promim-m  ■ 
This  projecting  portion  ia  often  perforated  to  give 


'44IU\jl 


fiu.  J3U.-  Kir.  ii' 'linni'llaanlMli:  iMc  view ,  clor*»l  «|rw.  mil  ihovtng 
.  uiuro. 

passage  to  a  muscular  peduncle,  by  which  the  shell  is 
attached  in  tlio  living  iinirnal.  The  following  figure! 
|  Piga  939-347)  of  BrachiopodSi  living  and  extinct, 
will  make  these  points  clear. 

The  viscera  of  a  Braohiopod  till  bat  a  small  space 
in  the  shell,  this  m  s 

cavity  being  occu- 
pied     principally 
DJ  two  long  spiral  arms  (hence  the 

name),  which  pr-'haWy  subserve  the 


N&  -  I.lncnla 
imaltii*,, 
hi.   aMMral  tf  pea- 

lllirli    Iij  ivbii'h  III.- 

ehrii  i»  tUadwd. 


/ 


" 


Fi««.  MHO    Bnowwa  Tiit  BrmrcTCTU  or  BMCBrorooa:  B40    Bfrirlfcr  ttrtalaa  <i'«l"iil(ma)! 
a,  ilnnul  nrturj  »howlna  th.-  imnt  ipirala     ..i 

■  -  «nrfnrc;  Ii.  -timvliii;  In  hit  -ini'lurr  f"f  a(tnr>i' i<  m  uf  ri'iraj  mi.    M 
Mplnfrr  hvitrrloa  i.l'arlH>iiirmtiui:  S,  CXHftOr  h.  •  ImwiiiB  1w.ii.}  •[«'•• 


SILURIAN    A.MJLALS. 


315 


faaotioaa  of  respiration  and  alimentation.     These  arms  aro  attached 
ODiiona  bony  apparatus,  sometimes  itself  spiral  in  form.     1 
uul  structure  deacrilx; 
c 


LAMELLI8RANCHS 


Ftu.  Ma.— Utxgtma  •bowing  tbaGtmcral  Rvhiiuti  m  Timwof  Brachtuimila  to  Laiuclllurenclii. 

In  the  present  *cos  the  Lamnnibrancha  tra  oxtramoly  ibnndant, 

whii.  i  ;nv  nearly  extSnot,  being  represented  by  very 

specie*.     In  Silurian  times,  on  fl*e  contrary,  the  wry  rerane  is 

the   case,  biralre  Au-tta  being    represented   mostly  by   r.ra.-hir.pude. 


Pin  >R 


Ftu.  Stt. 


Flu.  SM. 


r«.sfr. 

fut  »r     Si;tiM\  !!■;%■  I   "r  i,i-  Iv  :  l.\  Ortlila  powata.    W«   fiplri- 

A,  iloruil  lulvi-;  .,  .iilnr.-      Si;.  [YuuiiiiTtia  Knl||litll. 

ber  of  bivalve  specie?  throughout  ideological  times  as 
then  thn  general  relation  of  these  twi  -es  to  each  in 

lilM  may  be  roughly  represented  hy  the  following  diagram,  in  which 
Ibaknrer triangle  r>)>ri  i  Knu-hiopoda,  tin-  nppr-i  LameDibzanohai 
and  the  common  diagonal  the  lino  of  decrease  of  one  and  increase  of 
the  other. 


;.!,; 


VAL.KOZOl 


The  iiiiiiinhin-o  of  individuals1  and  the  number  of  species  of  this 
Order    in    Si)nri:iu    times   are  :il tm>s t   ineredible.      The  accorn 
figure  nepreaenl  aome  of  bhe  conunoo  end  oharacteriatio  f«  i 

n  rj  difficult  to  give  b  ral  distinctive  mark  of  .S»7«rr«» 

Braoluopoda,  although,  of  ton:  'legcnorftuo 

peculiar,  ami  may  be  recognixed  bv  tin'  paleontologist.     It  ma}'  be  said, 
boW6VM|  that  tin'  riratght-luitqnl  or  nqiuire-ahimldrred    Hr.i 

Including  the  Spirlfer  familj,  thi  Strophomena  01  Lepteu  familv, 

the  Prodnotua  family,  are  characteristic  <>f 
tin'  Paleaoxoic,  though  mi,-!  of  il  i 

L&mellibranchs.—  Wo  h.i  shut 

LamelliiM'iiiH iha  ire  a)  o  round  in  ti 
lurkui.  but  not  bo  abundantly  aa  : 

iopoda     Lameliibranobj  are  <li".. 

In.  ;;i- 

MUM      ^ 


rto,  va 


.',...  .::.! 


Vic  »W. 


Fin*.  8  iMtitiA*  LAMELLiBiuMcnc  SKI.  OrllumoU  rwrallrlo.     M*.  CanltoU  !»I«tui/Iji 

mfler  llulli.    350   Asictila  Trrti»onoDm«  <»fl«  llnll).    SM.  AmbooychU  bdUftrtlU  IfcflCT  lUlli 
»8.  Tcllcnuuija  cuila  iafl«  11*11  J. 

Siplionatoe  and  Asiphonates,  i.  e.,  those  with  nnd  those  without  brcatli- 
Lug-aiphona  behind.    The  Siphonatea  are  the  higher     .\ .  |». 
Biphonatee  are  the  more  abundant— in  I'aln-ozoie  time*  the  Aaipho* 

nates,      W  • 

' 
(348-:; 

Gasteropoda— 
Untvaltts*  -  Land 

act  i ii  Foai 

the  Silurian.  I 
divide  ma 

or  uni- 
valves into  xh<**> 
having        beaked 

Pin*.  IM-1U— SiU'Rim  0*»Tr«nnim  :    8.VJ.    Pli-nniliinwH»  dryope.    . 

3M.  !•!.■ I Mfaa|W*.    mi    MurrlilMiilagrulUt.  hilMTlg         HniOOtB- 


no.  so. 
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mouthed  or  besldea  ahsSle,  the  former  being  carnivorous  ami  the  latter 
herbivorous,  I.    tin-  smooth-mouthed   or 

faand  in  tfac  Silurian.     The  beaked-shelled 

bOj  regarded  at  tin   more  bighly-or^an- 

uhlSS.      Tllruttilli'  ill  l;u  i;i  |  |- 1 g.  359) 

are  little  understood.    They  m  Eunatt]   pi 
among  i'tr  moods. 


rw  m 


to.  SOT. 


II.,     .v- 


.!■  ,H 


i  im  ljrn  pTEiinDtin:  SM    I  BOIBprMm  (after  Hall), 

SW.  ■  U.i  Ht   CoiiuUrU 

,  nldoenaU  (»ft*r  U»ll.),  a  Ptaropi 


Cephalopoda— 'V; n w/^m/  fi&sSs.— These  in  by  far  the  most  bighlj 
organized  of  llollaaka,  and  the  mosl  powerful  among  [nrertebratea 
They  are  represented  in  the  present  seas 
.  ntilua,  the  8qi  Ids,  and  the  Cut- 
tle-fishes.    If  we  divide  all  known  Cephal> 
opotLs  living  ati'l    fossil,  into  Ihln 
[two  -  gflled  i    and    71  i*   (four' 

gilled),  the  former  Wing  mdttd  and    the  w 

lat:-  nt  the  present  tim<  ,  >^  - 

the  Dibranoha,  or  naked,  vastly  predomi- 
nate, then  being  only  n  single  genus  of 
shelled  or  Tetrabranohi  known,  via,  the  wn.  xo.~ rv«Hy  xmiiim  iw» 

genus  only  turn;  or       Fold;  eta        i      r.  i.utack»; 
f..tir  specie*    En  the  Silurian  age,  and  for      •'  '"'""' 
many  ages  afterward, only  (he  tftfUed  existed.     The  naked  01  Dlbrancha 
are  decided  U  the  higher  in  organization 

Again,  if  wo  divide  chambered  .-lulls  into  those  having  simple  septa 

and  rrntral  or  subaentral  lube  or  siphnnele  (NautUoid),  and  thus-  hav- 

eepta  plaited  at  their  junction  with  the  shell  (plaited  Baton)  and 

monoid),  then  in  the  Silurian  age  the  former  only  INN 

Agaiu,  if  we  divide  the  NautOoids  into  s/ra^U>sheiIed  ■■ 

then   the  straight-chambered   sheila    greatly    predominated, 
red  shells   are  called  Orthoeerntite*  (ofSoi,  xtr/iiijht  ; 
«pu«.  horn).    The  Orthoceratites,  there!  a  rery  striking 

-ilurian  age.     They  may  be  defined  as  stniight-ehiimb 
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shells,  with  simple  sutnrua  and  a  central  or  mibcentral  siphon-tula- 

d    tin.'  family  waa  large  in  proiwrli' 


si 


VI 


m  in 


01     HbowlDB  stnirlnr.'  of  oithocvntlte.    a.  Ormorm* ;  b.  Artlnoc«-r»» ;  r.  Hnroau :  tf.Sf*- 

hiim  l<  ■■<  II., . 
Flo.  .1 1-:      li'  ■  ii.ru. mi  .if  orthtxcni*.  the  •hrll  bcinir  »ii[ir>«M<l  in  »>e  dlvlr\>  ■  «nd<«l*lu 

npp.'r  plat  l..'lnir  •hown:  a,  Mm  !'U)i«lUrl<MyilMnW 

lie  nuuttlv-cliaralMir;  <-,  »lx-cUuml)t>r»;  i,  eipliundv  i after  Mcliofcoo). 

the  shell,  and  had  often  a  beaded  structure  (Pig.  861,  a,  I,  c,  rt),    The 
genera  ;nv  founded  largely  on  the  form  of  this  part. 
They  existed  in  great  numbers,  and  attained  rorj 

i-n  found  fiftoon  feet,  long,  and  eight  ti»  I'-n  inches  in  diam- 
eter.   They  ware,  without  doubt,  the  most  powerful  aim  ilut 

ti the  tyrants  ami   (CBVCngeiv  of  T 1 1< ■-'•  i-:i i  !j.  seas.      We  give,  in    ; 

887,11  restoration  of  the  creature.    Thoj  are  entirely  oharaeb 
the  Paheozoic  ;  commencing  in  the  Primordial,  extending  through  into 
»>nift«rou8,and  passing  out  there.    They  I  their  nisi* 

mum  of  deTolopment  in  *\'.i'  and  uumber  in  the  Silurian. 

Altlu.ugh  rtraight-ohamberod  ihelli  (Orthocei  itji  i)aw  mod  abun- 
dant and  characteristic,  and  tilao  the  earliest,  coiled  sheila  of 
tribe  (\antiluid>)  are  also  found,  and  some  of  them  of  considerable- 
Bftft,  1ml   not  until  the  upper  Silurian.     Some  of  these  are  close-*-: 
shells,  true  Nautilus  famil]  ;  others  open-coiled,  and  more  nearly  allied 


a  rtTMAWrovt:  WO.  Or  •  itallam  fcfto  Mcekl.    HM.  Ortri"cm« 

rhMtbff*  iml  «l|>  i-i    Hnll.      *tt    Driliix-i-rnn   vi-rli'l 

MMMgUMntau'  ««7.  Ortlio«rrMl>uMriiart.rll 

i.    Tho  gradual  change  from  the  straight  through  the 
oiled  ma',  be  traced.     llnrrande  gives  1. 
•ihirian. 
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Fio».  M*-3T<> --^n.rui-     ■  ■•■•»»:  9M,  Trochollix*  AinmnsliM  afi  -xwrtoc :  *» 

e»l.»lHi»ni«  m'|i[.i.    M  UMltnQmftOnaMUllfMkMdWQRUsB)     KO.  Litullra  coniiMHOUfc 

Articulates — rTonM. — These  arc  fleshy  animals  without  skeletons, 
ami  are  therefore  not  preserved.   Thej  are  known  only  by  then 
thrir  boringt,  their  tnl  ,  more  rarely,  their  teeti  libelees, 

some  185  spocicp,  accordhig  to  Bnrrande,   have  been  described  from 
tin'  Silurian  of  different  countries.    Pig.  871  represents  worm-tubee. 

Fig.  '3?'i  worm-tracks,  and  Pig,  878  worm-tveth,  frrtm  the  Silui  i 
Crustacea— JTrtfoWfs*.— - The  principal  representatives  of  the  ■ 
department  in  Silurian  times  were  <'r ristocetins,  bat  mostly  of  ft 
veryehar&i  b  ristio  order  of  that  class,  now  longextim 

General  Description.— The  carapace  or  shell  of  theeo  curious 
lire*  sraa  convex  and  usually  smooth  above,  ami  Bat  or  oonosve  be 
and  divided  transversely,  like  mosl  Crustacea,  into  a  nnraber  of  movable 
joints.     Severn]  of  the  front  joints  are  always  consoliduii  1  to  Banal 
head-shield  or  Buckler,  and  sometime*  a  number  of  the  posterior  y 
are  similarly  consolidated  to  form  a  tail-shield  or  Pygiditnn. 
whole  tali*.  1 1  or  carapace  id  divided  longitudinally,  mon 
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three  lobes  (hence,  the  name) — a  mid-lie,  B  right,  anil  a  left 
The  viscera  were  con  iddle  lobe,  the   nvo  side  lobes 

being  MM  of  the  shell,  u*  seen  iu  tho  aection,  Fig.  3^5.  b.    AVell- 

•  ft 


Flo.  171.  Fia.  J72. 

NOAH  An.sn.inn !    Tl    rnmnlltM  wnrniUrliu     I  Worrn-Tnlw). 
in  Annelid  i.ufU-j  U 


3TJ.  Trail  of 


organized  compound  i  distinctly  Men  in  wgU-preeertpd  q 

of  tho  head  |        .    :  i).    The 

er  tide  of  tho  animal  baa  never  been  distinctly  awn,  vforethe 
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F»o.  83.— Wonntorth  from  Cincinnati  xronp,  cnUrsvd  (niter  Hir»lv>. 

Iter  Of  the  l  ana  is  not  certainly  known.     Bur.  until 

I  was  belieTed  tliat,  like  aome  of  the  lower  crustaceans  of  tlie 


FlB.174.— -»  !l.«Ey»nf  TrlloMtm:  «.  IHlmanla  plimmfittry*:  ».  f T*  fliuhtlT  ma^nifled: 

«,  «y«  mom  Ugkly  magniSaii;  J,  Maall  portluu  •till  uiurr  highly  magnlfled  (»ftTr  I 
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present  day  (Phyllopods),  their  limbs  were  mostly  thiu,  flat,  soft,  leaf- 
like-  swimmers.  Walcott,  however,  hiw  recently  shown  (hat,  in  iddi 
in  these  (or  perhaps  instead  of  these),  there  were  also  slender- jointed 
legs  ami  spiral  organs  which  were  probably  gills,  aa  shown  in  the  Bed 
Pig.  375,  J.  Fig.  875,  a,  i*  a  complete  restoration  of  the  under  ei«lc  br 
Wulcott.  On  this  view  it  is  easy  to  see  why  the  under  side  IS  never ev 
posed ;  for  the  mud,  in  wbiofa  they  were  entomhed,  would  1  .tan- 

glad  among  these  leaf-like  swimmers  and  numerous  slender  legs,  and  in 
breaking  the  rook  this  would  determine  the  lino  of  fracture 
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Flu.  575. 


Fin   I7B. 
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'  ':      ■■  ■ '"      "  arWol<  ■■■''.      179.'    Jjrin i  !»!•  •  i  -  -  ■  •  l .  >   :   a   ■-  i"-   .i>  t.-.i.  l.ru.i.i;.. 

smooth  buck,  and  leave  tlie creature  firmly  attaohod  |  ■  rralturfoa 

to  Hie  lower  pieo       Not  uncommonly  Trilobitea  are  found  folda 
their  vent  ml  surface,  so  as  to  bring  headend  tail  together  and  form  a  kial 
of  hull.     In  snch  cases  the  Triioi.iiemaybegotout  of  tho  rocky  marri* 
complete;  but  none  the  lees  are  the  feet  completely  hidd 
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Tho  great  number  of  genera  into  which  this  large  onhr  i 
la  founded  principally  on  tho  form  ami  sculpturing  uf  the  l'.n.  kl.r,  the 
size  :.  i  uf  the  I'v^nlium,  Qu  rnunliir  of  tin-  movable  BegmentSj 

etc.     The  figured  below  and  ou  tho  next  page  will  give  an  Idea  of  some 
of  these 

It  is  very  interesting  to  obcen-e  that  a  complex  uuvhaniam,  the 
fWmpomnd  gye.  like  that  of  irn  ;a(t'jni8  anil  inaecte  of  the  present  <lay, 
waealruail;   devaloped  even  in  the  curly  Primordial  limes. 

Trflobitea  commenced,  a*  already  stated,  in  the  earliest  Primordial, 
continued  throngfa  the  whole  Paheoaoio,  and  then  became  I  for- 

. .    They  are  therefore  entirely  charactcrUtic  of  the  Palaeozoic    They 


Fi..  rr:. 


1 1...  fg% 
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sn-JNOit— Sitrmi*  Timoaim  !  STT-  Tilpncleu*  Ptmir.f«nti.    r*.  Metal  Bollmil  urwr 
.».  -ViA««fi»  crueulu*  i»/lcr  3lcck>     3tfj.  Uotclus  pgM,  '"lu««<l  nftcr  1UIK     MO* 
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to  Agnssiz,  wo  know  nearly  as  much  of  the  development  of  Xrilobitei 
aa  of  any  living  orostBcean. 

Affinities  of  Trilotites.— The. •iiVniitii.'.s  <if  ilii  Tare 

Imperfectly  m  I  nutacesnssMi  •  two  smb-classos,  a 

higher,  M<iltir>»:nfti  (mollusk-shelledorealcaroou«  i  ami  a  1" 

•  i  insi  i  i-.-iirlli-il).  Now,  Trilobitesi  though  belonging  to  the 
lover  division,  or  Entomostrnca,  occupy  a  position  Mat  the  confines  of 
the  two  divisiont;.     Mora  definitely,  they  probably  stand  between  the 

i.icin.-). 'Hi  tin-  niie  hand,  mill  the  FhffU 
i  Kiii'iiiiurttracaii*),  on  tho  other.  In  general  ap- 
nea they  certainly  approach  1-imuloidH  (horscshoo-cruhs  or  king- 
■  to  have  replaced  thom  in  the  proflcsi  of  evolution. 
They  arc  by  no  BMUM  very  low  in  tin- 
scale  of  crustacean? ;  their  position  be- 
ing near  tho  middle.  The  larva-  of 
-taceans,  especially  of  Limuloid.*, 
greatly  resemble  some  EoTOU  of  Tril- 


tm.  m 


*,fcr 


Pie  8M.  Pro.  8M. 

fh*  m  Wl. -S:ii'«iti  Ev*Trrt*it>«:  *»•  rMrrru<M  •  I  fr.mi  ttu 

ml  ore  1  In  t\ir.  ■•  li»  tccltn  nintrrjrnr ..  trruilnttinu  In  nlfipinuwU'.'. 

'  >olnU4  limb*,  with  point. -.1  nircmi  '.u-«.  the 

tmm  <if  nh  iiwl  lift  Mia  HlurUn,  I*n»rk«hlrviiirt'7  Henry  woodward), 

an.  Eini.t.  ra«  remip**.  gttutis  reduced.    3HS.  Kinw  rwtored:  a.  danal  rluw;  b,  vcatnl  r 
Uftrriuil. 


[VMS 


ee,  and  especially  the  larvae  of  Trilobitea.     From  early  generaliwd 
forms  somewhat  liko  those  represented  by  Figs,  382  and  389  there  have 
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bean  probably  differentiated,  ia  one  direction  the  more  perfect  TrbV 

bites,  ftinl  in  the  other  tin-  Limuloids. 

Euryptorids. — In  the  Upper  Silurian  was  tntrodaa  d  and  contn 
to-'  "ili  l'i  iL.  bites,  during  the  rest  of  the  Palaeozoic,  anotbtc 

family  of  bnga   Botomottneeni  probably  in  advnn<v  nf  1  nlobitw  is 

organisation,  The  family  Inolndei  the  two  yencrs 

rtU  (broud  wiiiir.)  Mid  I'hrf/fjotus  (winged  ear).  Boas  of  tte 
tatter  are  the  largest  en  rtaoeans  known.  The  huge  Japan  vnh  (/«o- 
rhiis  A'  |,  iritb  carapace  sixteen  Inches  in  diann 

r  Beat  long,  and  ibc  stolncoae  king>crab  {Liom  ..«»), 

three  feet  long  and  CRghtoen  ini'in-*  noroas  the  en: 
•  ■in >i:i> ••■:! ii-  tn.v»  living,     Hui   the  Burypteridi  woro  some  of  them  fat 
greater.     The  Plarygotus  Anglian  (l'i;'.  •"•■-h  was  six  feel  long  and 
one  foot  wide,  and  the  PtffygottM  CHffM  seven  feet  long  aii- 
huiiutily  wide,     i  Igtures  represent  some  species  of  tl 

genera  bom  the  American  and  English  rocks. 

Anticipations  of  the  Next  Age. — There  are  some  plants  and  onirask 
etill  higher  than  those  mentlaned  above,  bnt  they  ore  so  rare  that  it  ii 

best  to  tn  i '  them  as  anti 
of  the  next  age.     Tin  mpsr* 

tant  of  thi 

1.  A    fen    \.\\    small    l:ni'l-]ilaliU 

(Ii  rna    and    dab-Meases) 
been  I  wnd  in  the  Middle  Silurian 

2.  A   fi-wr   small  air-lin  .1 
i  lilattids  and  - 

iand  in  the  Upper  Silurian 
—also of  both  countries.     We  give 
a  figure  <>f  one  of  tl.i •■ 
portent    disooreriee    (J 
That  l         rere  really  ail 
in  shown  by  the  spi  n  .r*ttth- 

ing-pore&td.    3.  A  few  small, 
ously-farmed    Kahea,  of   rei 

niaotion,  somewhat  nnmar  to 
some  (Pteraspis)  in  die  Lo«' 
vonian,  h«ve  recently  I 
;,    |.  .u  .1-  tin'  Clinton  gr  tup  (low* 
part  of  the  Upper  Bflniioi 

Fi».  pun«    n  f.«mii  srnniinn  frum   anticipations    arc    in     arrordauf* 

with  the  law  aire  «(p 

280),  thnt.  I  lie  characteristics  of  an  aye  often  noramimci)  in  the  preced* 
ing  age.     It  is  better,  however,  to  treat  of  these  classes  in  connectioa 
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with  the  age  Ifl  which  thej  culminate,  or  itt  least  become  a  striking 
feature. 

ess,  therefore,  essentially  an  ago  of  Invertebrates.    In 

number,  size,  and  variety,  those  have  Mainly  been  surpassed  in  any 

8nbso',M«'iit   |ieriod.     The  mo«t  el  an  were:    Among 

la;  among  animals,  Oyaihophylloid  and  Tabulate  Coral*, 

od  BxaeJriopods,  Beak- 
Ian  Gasteropoda,  Orthoceratitc-i,  an- 1  Trflobites.     Ortli. ■.■■■.  and 
Trilobitee  wen-  the  higheei  animals  of  the  age>and  tin-  Conner  war 
mien  and  a  i             of  these  early  seas.    We  gin  belos  i  table  .1. 
ording  T..  Barraade,  the  number  of  Silnrian  spo 
:  : . 


Spo«p*»  aad  other Protoaoana...  163 

Conk 718 

Ectilaodcra* 560 

Wonua 184 

Triloblio* 

Othtf  CnwUctaiLi iitH 

Brjouutiit 47S 


Brachlopods .  1,IW17 

Lamclllbninchf 

Bnaepadi  I        5fl0 

Pterapoth    ) 

Gaateropoda I,IM 

Cephalopoda 

Fishes 40 


•ith  four  of  uncertain  reluti.  iii>,  in:.;  * 

nos  5.'.— Devonian  Brora  and  Aoe  of 

The  name  Deronian  1  to  these  r. ■-  k .-  by  Bfarobbni 

Sedgwick,  beeaaae  in  Devonshire  the  system  a  1  an  well  developed,  and 
ai*j  oadlti    in  England  fhe  system  is osnaD y tinoouforxnable 

with  ring  Silurian,  rithth reviving  Oar 

188.     But  in  fhe  Bestera   United    Btates,  83 
already  stated,  the  PalftOMta  arc  conformable  tlm ■  1 1  —  1 1 — > : ?  1  1 


. 


a 

PI0.38S. 


Silurun:  J,  Devonian;  c.  Carbontfenjua  taller  Ililillpai. 


Area  in  United  States,— 'Die  area  on  r  which  the  I  levonian  appears 
a  conn  try  roc!,  a  United  Stataeia  shown  in  nap, page' 

It  borders  generally  the  Silurian  on  the  south  ami  -ling 

1  it  far  soothward  in  the  middle  region,  tit,  tn  Indiana.  Wesl 
,  and   K.Titn.-ky.     In  the  Basin   Range  region, 

Nevada,  Deronian  ia  known  to  exj.-t.  but  the  limits  of 
these  areas  are  too  imperfbotly  known  to  ' -<:•<!- 

Physical  Geography.— In  the  eastern  ]>ortioii  of  tlie  United  States 

of  the  Deronian  age  was  approximately  that  of  the  Silurian 

age  already  described,  increased  by  the  addition  of  the  Silurian  area. 
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wiii«  )i  Bflw  i; tn  was  of  course  so  much  marginal  flea-bottom  exposed  bt 
upheaval  during  i n  n.i  o|  SUoiian  thaes.    Then- was  also  & 

island  in  : Iil-  l»L'vouiau  seas  in  tho  region  about  Cincinnati, 
the  .Silurian  area,  situated   tle-re  (see  map,  p.  2L*1).     In   lh. 

ion  there  was  a  largo  extent  of  land  in  later  Silurian  and  DoTO&lffi 
times,  as  shown  by  tho  absence  of  strata  of  these  times  in  the  Grand 
OatLOD  section.     At  the  end  of  Devonian  times  the  Derooiaa  urea  wia 

•the  existing  lund,  and  the  continental  imiss  was  fnrtlu. 
creased. 

Subdivision  into  Periods. — In  the  United  States  the  fallowing  five 
periods  are  usual  1}  recognized: 

b.  c«i«kiii  period. 
4.  Chemung  period. 
8,  Button  period. 

2.  Corui f itoiu  period. 
1.  Oriskairv  period 

We  shall,  however,  neglect  ti  vidoaa  in  our  general  do- 

lorlptfon  of  the  lif< 

Lij\  »f  Devonian- Age — Plants. 

It  will  be  remembered  that  during  the  Silurian  age,  except  a  far 
small  vaacidar  1 1  .  the  only  plants  found  wen    I  t&    These 

continued,  though  under  .litTVivnt  BpOCisS,  11  '..... 

addition    to    these,  were,    rmw  introduced  Innti-pliuils  in  o m.siderable 
number.*  and  variety,  and   decided   Complexity  of  organization.     1 
included  all  the  orders  of  vascular  cry  p 
and  Btfuittetm;  and  also  Conifers  among  gym uosperraous  PhanMgams| 


•    • 


■-■ 


Tim.  aw.— Mlcnwccpic  rtcrtlon  of  Iho  Slllclttnl 
Wood  "i  it  CooifoT  (Safiiotai,  '•"< 
l<»nir •Hr>-<H"i"  "t  ili'-  fl'»-r».    roal-lvfllary  I 
Colorado  uftor  Mcbol«on). 


Fjo.  MO—  Microacnjilc  Section  nt  Um>  Wort  of 
tbO  I  •imiBrtii  Larch t.VAn  fori*-.,  col  la  I 

I'iiii;  dir-cil.m  ...f   Hi?  Attn.     In  a*4h  '" 
fN-h  ami  Hi  -*>inrr. 

Uaka  clmncti'iiaUc  ot  cttitirotu  i 

(ulior  Klchotooo). 


and  by  their  great  size  and  numbers  probably  formed  for  the  first  timo 

in  tho  history  of  tho  earth  a  true  forest  vegetation. 
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Kio.  HI.— PtM-WOOd 

Sccllou  UlllKUiOl' I. 


represented  by  several  genera,  such  as  ( 
and  N'europteris;  the  Lye  -)not  only  In  tin-  lvilophj  • 

ton,  which  had  been  already  introduced  in  the  nppormoat  Silurian,  but 
abo  .1  u.  I  s'.:iillari<ist  and  the  Eqni- 

tetas  hy  Cahunitas  and  Aaterophyllites.  The  Conifers  were  represented 
bythegri.ii-  Rallied  to  the  year  (T;.\n-).    Th 

to  be  conifora  by  their  concentric  rings  of  growth  and  gymnosperaioui 
tissue,  i.  o.,  tho  elliptic  disk-like  markingi  on  the  walk  of  the  erood- 
calls  on  longitudinal  section  (FigS.88fi  end  890), and  tin?  entire  absence 

osa-section  of  fchevurilk  i  sharaeter- 

irtic  of  dyoolytedoaona   Ezogens   {Fig-  391). 
Some  of  these  conifers  have  been  found 
son  eighteen  inches,  ami  one  ilm-r  feet,  in  diam- 
B  haro  li-  Bpecies  of  land- 

its  of  these  various  orders  round  by  Daw« 
son  i  in  of  Nova  Scotia  alone.     In 

Figs.  899-  •  n  the  meal  ohaxacti  riatk  Devonian  land-plaids 

General  Remarka  on  Devonian  Land-Planta.— We  will  not  at  present 
discuss  the  alimities  of  these  plants,  and  their  reistkm  to  evolution. 
because  they  are  similar  to  those  found  in  the  coat,  where  they  exist 
in  far  greater  variety  and  abundance,  and  the  subject  irill  !><• 
under  that  head.  There  are,  however,  somo  thoughts  suggested  bj 
the  first  appearauee  of  highly-organized  plant*  which  ought  nut  to  be 
ocnrtifc 

1,  The  ringed  structure  of  Devonian  OOuifon  show*  that,  at  that 
time,  there  was  a  growing  season  and  a  season  of  rest,  and  therefore, 

bably,a  warm  aud  a  cold  season.    In  one  trunk  the  number  of 
counted  was  150,  indicating  a  eonsiderahlo  age. 

8.  \\  h:r  ie  preounon  of  this  highly-organlaed  fore 

tion?    That  there  m  ■         inraora,  from   which   these  mcG  del 
ire  can  bo  no  doubt,  for  we  have  already  found  them  in  the  Upper 
riau;  but  that  the  steps  of  evolution  were  just  at  this  point  sotne- 
tehat   rtq  rtain.     Jt  is  impossible  to  account  for  this 

comparative.  D  appearance  of  so  highly-. nganisod  a  vegetation 

.unless  we  admit  that   there  have  been    periods  of  rapid 
i,  aa  explained  on  pngc  302.     When  nil  the  conditions  m 
favorable  for  a  great  advance,  the  advance  takes  place  at  once,  i.  e», 
rapidity. 
:  that  the  eonl  vegetation  is  to  a  large  extent  su- 
ited in  the  Devonian.     So,  also,  to  somo  extent*  wei  ml  i- 
lb  necessary  to  the  preservation  of  this  vegetation  and  the  formation 
of  ooaJ.     In                         .  r^r  tho  first  timo,  we  find  dark  bands  be- 
tween the  strata,  impregnated  with  carlionaceous  matter.     We  find, 
also,  thin  seams  of  coal,  with  ander-clays  tilled  with  ramifying  rootlets, 


Fio.  BUT.        — '  ■  -  i  riu  m  y 

FlM.  8W-8B8.— Dkvonmn  I'ubits  (»fter  Drw»otii:  «*  miiiphrinn  iinv-i".  rv»rwd.     8 
Ltpld'-'l  Minn  •  .11-  (ilanum:  •'■  -  •  UllMla;  b.  frail  of  i 

ato.  Cjcloplerii  oblUM-  ■  KVni     S80  Xeiirnptffl*  iMil_«[iii.t)j|ia  a  K»ni     ISC.  Crrloplpnt  Jack- 

'     FlTll.        39*     HlMlnXTlnri  '  mini,   1  li.iiifir:   «,   I'ltli  :     4.   I'ilh  »b«illh   :    .",  W»»d 

>1 ;  y.  Trwareinc,  enlarged— t,  (iwlj   ■ucsiOfd.  aho» 
liiK  dlKk  lik*  nnuMngi. 
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the  COd-measnrcs,  therefore,  .are  licrr  found,  though  imperfectly  devel- 
oped, and  the  co.il    Dot  workable.     The  Carboniferous  day  U  ah 
dawning. 

I 

In  accordance  with  our  prescribed  plan,  all  we  can  do  in  dcsci 
Devonian  animals  is  to  touch  promiiunt  point! — to  notice  what 
out,  what  is  comiwj'iti,  some-  few  ristic  forms,  and    to  < 

■  -ill'.-  ..ii  '.vli.it  bears  on  evolution. 

Radiates.— Among  corals,  the  chain  coral  |  Ha!t/sitid*)  have  tl 
peared;  the  other  orders  r-ontinue  under  different  q 
108).     Among  Hydrosou,  the  OraptulUc*  ure 
tin.-  Oyttidi  arc  gone,  bat  in  their  place  the  BlastouL  (bw 

eurious  irrmk-sB  erinoida,  with  petalloid  markings  already  spoken  0 
rare  in  the  Silurian,  become  more  abundant.    The  CrinieU,  .-rplumoec* 
armed  crinoid.-,  co&tinM  undiminished.     The  Blastoida,  however,  are 
.-rill  more  characteristic  of  the  Curbonif. Brooa.    Wa  ihcreforo  defer  tl 
ill n -,t i;i t ion  to  that  period. 

Bncliinpods.     I'l-oobiopodcan   Btill  very  abundant,  and  still  many 

of  them  of  the  charactet  i  ttic  l  alteozoic,  square-shouldered  type.   Amen; 


iM.;    ii'-. 


Ii...  Ii  v. 


Fto.  *»  **»•  «0. 

Fl»f.  40T-I1.1     l>rvc,M.><  iiKAcmoroM:  -WT.  Sp*  I  r  r,.„ 

V.  uira.1  valve;  ».  Miotr.      4<K   Splrlfi  utiltlcr  Met*).    *W.  Ottii*  Lirta;  a.  Vvtm, 

b,  81.U-  view.    410.  Suophoiut-ua  rfavinboliUli*. 

Bpirifew,  the  long-winged  species  (Fig.  400)  an-  very  abnndaui  uA 
characteristic     We  give  a  few  figures  of  Devonian  bivalves,  bou 
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•da  and  lanu'llibruiiclis,  and  a  fow  univalve*.     It  is  worthy  of 
runiark  that  many  of  than  aninlfM  Bn/taft-mfrr  specie*. 

Cephalopoda  phsJopocle,  or  (hi ho- 

cert'  ainuc,  but  in  greutly-diminishvd  numbers  and  &e ;  bat 


9m.  ii: 


Fl..  411, 


no,  !i». 


^4 


Via.  tin. 


I 


Pio*.  ill    I  -•  I.vvtii  mm.;,  ii.  ,-.,.  <;,.T»n.n.-.i.<:  «il   i;.n-/trA\mn  trtoonnlo (after 

Irtra  ilu^rclen  jwrilli  (nflir  Mi-f  ki      418.  Ctcaoplatha  aril  kina  lifter  Mit-ki.    •»!». 

'.I.  tk)      UK  >rM«  Arkiimn- 

•  irtb-^fMOM  NcnbcTryl  (m  :  .1-    tWUfKVhOB  K««t1hU jl (BM II 

.'••.«,  a  coilod-chambi  'm  1  ehell.  which  >ting 

introduced  iir.-t.  hen'.    Thli  family,  as 

already  explained,  i«  distinguished  by 

<\  of  tin-  junction  of  the 

!  by 

■•[   the  si]ilmi 

In  Uu  (iioiitiii/-  tun  •  are  not 

yd  They  m-r. 

ag.      TbU  is  shown    in    the    fig- 

Crustacea. — The  very  oharai 

is   fi'.ill 

i    it 
has  already   passed    itt   prime,  and   is 
diminishing    in    tuiiiiU-r   and    size   of     Fja.«M>.-Ooni«ttt«iiuD«Uo««n«fw* 
species,  vrypttrtda  introdaoed 

I   pper  Silurian  maintain  their  placu  through  the  Devonian. 


Flu.   i-  I   I'l  A  phi  ""'ru  on- 

i"|i.:i.    Devonian,    Amerin  vnfUT 


Fio.  <«. 

Fio».  40>  md  481.— DOTMLUi  TniLotntr*:  4».  Dnlraiinln  puncuu,  Iorop«.    «1.  Ptucop*  lm- 

ftvat,  iluioiK. 

Insects. — We  have  alreadj  Been  (pnge  626)  th.it  r  rerj  few  insect* 
(cockroaches  and  scorpions)   have  km  found  in  the  I  pper  8 

We  treated  theso  as  anticipations.    In  the 
Devonian,  fur  toe  first  time,  tin 
somewhat  abundant;  and,  aa  wm  to  be 

expected,  are  fotin.l  in  ooi  with 

the  abundant  land  vegetation  of  thai 
(Fig.  422). 

The   Devonian,  and,   indeed,  all  tie 

hexapod  ng  to  one 

family,  which  has  been  called 

der  Palneodictyoptera  ( i  "god), 

ageueralixed  typs  connecting  the  Kouropten  and  the  Ortboptera,    A 

chirping  organ  in  believed  to  have  been  found  in  some.      If  ^o.  it  impliM 

also  an  onfita  of  hearing  In  these  earl}  in  a<  I  i 

Fishes. — The  grand  obaraoteristio  of  the  De  Ihe  introduc- 

tion hare  of  a  new  dominant  class — Fishes— and  of  a  now  da]  u 
and  that  tin-  highest,  to  which  man  himself  belongs — the  ilea 

Thi    ia,  indeedt  a  great    itep  in  the  progreas  of  life.     It 
therefore,  to  I  ■  illy. 

Commencing  fur  baok  in  the  l  pper  Silurian,  few  En  number, 
in  sise,  and  of  strange  nnfishlike  forms,  nritli  th<   opening  of  the  I 

greatlj  inoreased  in  Bize  and  II  tho  wataa 

fairly  swarmed  witli  them.  Never  sina  bare  ii  lies  apparently  bet<n 
more  abundant,  of  greater  size,  or  better  armed  for  offense,  and  espe- 
cially for  defense.  And  yel  all  tho  species,  genera,  ami  even  fiunilii-* 
then  existent,  are  now  extinct.     Not  .-nlv  ■■•>.  imt  i>i/>>>-<il  tibh-    - 
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wta — did  hoc  thiMi  exist    The  Devonian  flahee  were   ill  Qanoidi 
'  nnoids. 
\\  ■■  have  said  reofgreai  he  Diniohthys  (Fig. 433)  of 

Ohio  Devonian*  according  to  Newberry,  vis  at  least  eighteen 

long  and   three  feet  thick.     A 


imen  of  Titaniehthya  recent* 
1/  found   was    di  Mrlj    sb 
across  the  bead  (Olajpole),  and 
with  orbits  bl  eyes  three  inched 

in  diameter.     The  animal  imilil 
hardly  bavi  -•  than  thirty 

The  Onjohodttf  (Figs.  434-436)  was  twelve  to  fifteen  Beet 
!  had  jaws  two  fees  Lang,  armed  trith  teeth  two  inc 


fio.42S.-JBm  of  nii.li -litlivr  Tcrrclil.  »  f,  (»fl«r 

Kewbrrrj ). 


i  r*  ML 


1  :...    m 


I:..    :.-, 


Flo*.  43t-ia)  -OMiciiopr.  •lavoran  r»ft»i  Newberry);  DI    Srilc.  iiniiirjl  »l«c  ;  425,  a  r 
■ulunl  tin: ;  498,  *  **:•«  ..I  KK.ii(  Tvrlh,  Nda  ■ 

long.    We  hare  said  also  that  they  were  many  of  them  armed,  sept- 

All  (':mi»id(  ici-iallj  DeTonian  Ganoids,  were 

ible  coal  of  mail,  oomposod  of  thick,  doe 

fitting,  bony.  are  Indebted  to  this  fact 

that  their  external  forma  are  often  bo  well  preserved;  for  their  skew* 

tons  ware  w 1 1 •  ■  1 1  v  cartilaginooa,  and  therefore  unsuitable  for  preeerTa- 

tion.    The  Placoids»on  the  otfa  etonnor 

i  scales.    '  fore,  only  by  their  t  ^ ■ .,  ■  1 1 1  and  byoer- 

ipines  sapporti  ir  fins.   The  Gi  ire,  therefore,  the  more 

interesting. 

Characteristic  Examples  of  Devonian  Fishes.  — Tin-  < 

■  Fig.  12X)  are  among  the  earliest  and  n 
Ph<  •  tall  Bah,  seven  or  i  ighl  b 

.  widi  ■  broad  hi  what  like  the  head-shield  of  a 

nameled  plates;  and  hodj  "ivi-red 
with  ■-.    In  the  Coccostens  and  Pteriohthys 

."•  and  4:j"»  tho  large,  close-fitting,  immovable  plates  eovi 
il  only  the  head  but  the  anterior  portion  of  the  body.    The  huge 


-!.  ->r  true  Ganoids,  and  l'h<  ilsfte-gsnoitto),  or  Placo- 

•rma,     Tho  former  are  covered,  liku  modern  G 

amcled  scales,  whirl i  may  h..'  il.  ■-• -fittiii^r,  rln  .rnli<  .i.  l.-il  (!•'.  .;;•{), 

or  imbricated  [Fig,  -l-sii.    Tho  fafler  are  covered  more  or  loss  com- 

lv  with  broad,  immovable  plates.     The  l'lacod.  entirely 

li.m  i:mil  Upper  Silurian), and  1 mr  extinct 

after  that  til.   .  dds  bra  oontJnnod  la  iln 

numbers  and  iliir/erent  sper  ra,  and  f:*mi li.'  =.  t..  the  mm  nt  'lav. 

One  family  of  these  b  \uv  characteristic  of    Devonian — viz.,  Cros- 
pnni  (fringed-liinb),  so  called  beoaoee  the  limbs  Beam  to  como 
oat  from  tho  body  into  the  fin  like  a  tnio  leg.     All  the  strangest  and 
largest  forms — nueU  as  the  GephaJaapis,  tike  Gocoostana,  tin  P  e 
the  i'  i  rohthya,  and  the  Titaaiohtbye,  an  Placoderms.     I 
Van  rish,  uncouth  animals,  relying  for  Misty  rather  •... 

protective  armor  than  upon  swiftness. 

Nearest  Allies  among  Existing  Fishes.— Tho  Piaeo&rm  hsn  bo 

close  alHes  among  living  fiance*   Soma  have  imagined  tho  sturgeon  bo  bo 

md  i»r.  Newberry  flndi  mom  aftoitiei  in  the  Lapi- 

dodren  with  the  Diniehthya.    They  vers  pmiiaiih  i  t\pu 

codii  0  I'lacoida,    The  Lopido»ganoids> bowerer, atiU 

hati-  aera,  which  throw  light  open  their  strncton  (Figs. 

ill).     Among  the  nearest  allies  are  the  1.  ami  I'n.rop- 

tero-  can  ami  African  rivers,  the  Cernlmius  .if   AtiMra- 

id  the  Polypkrua  oi  the  Nile.     It  will  be  noted  thai  ii 

turn  almost  rerttaJbl 

Tin-  (  ,rat..iiii>  especially  is  a  living  Orosaoptorygian.    it  a  well 

also  thai  the  Lepido- 

siren  i.-  the  moal  reptilian  or 

rather  amphibian  of  all  fishes, 

■\t  in  this respect  comes 

dodoa.     I  a  have  a 

I  and  :» 

tolerably  good  lung  and 

i  ■  •  I  breathe  ah"  as  wall  as 
aphibians. 

I'li.'V     :i'.      i     I !  ';    !l;,'il    iiO-: 

skeletons,  like  Devonian  fish- 

!••.    Iy,  --  Bear  allies  an  (bond 
in  I 

and  the  mnd-ftsl  |  of 

our  A  and  Qalf  rivi 

ut  tlicir  gill-breathing  with  ■  little  air  gulped 
down  Enl  ar  air-bladder  from  time  to  time. 

he  nearest  congener  nf  Devonian   Placoids  is  found  in  the  Ctfirtlm 


I'm.  MS.— iioiiui  Pimo  of  C>»in' 


:•.;.! 
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ciojf,  ot  Port  Jackson  shark  of  Australia  (Kg.  44$).     This  is  charsr- 
!  imt  only  In  the  strong  bony  spine  supporting  the  median  fin*, 
0  by  tin-  > 'ohU.--st.one  pn  •:  teeth  (B"Ig,  443) — ehara 

of Devonian  Haooias,    The  family  is  oafle  (steals.     \ 

i.m  PlaooicU  m  re  all  Oestradonta 

General  Characteristics  of  Devonian  Fishes.— Leai in-  out  soma 

low  alteram  i  forms,  which  an  and  perisnahle  that  they  i 

to  lie  preserved,  and  therefore  are  of  little  geological  bnpoi 
ma}  be  oonvsnianflj  divided  into  three  orden — viz.,  Teleeuts, 

Ganoids,  and  Plaeoida    I  i  soldi  m  iindudo  also  the  Dipnoi 

(I.epUosiren  and  Ceratodus),  becaase  these,  though  quite  distinct  009, 
run  into  each  other  completely  ingoing  backward  in  J  time: 

(1.)  .Now.  of  those  three  orders,  the  Talaostl  (perfect  bono)  an 
the  most  numerous  at  present;  BO  nnn-h  BO,  thai  the  word  fish  calls  sp 
at  once  this   kind.      I'ndcr   this  order  come    all   ordinary  or  lypttul 
liidics  - 1 1 ■  - 1 1  as  the  perch,         salmon,  the  ood,  etc.    In  Den  I 

te  contrary,  tliore  were  no  ! '•  ftw  »wr#  all  Ganoid4 

and  Piaeoids.    Ganoids  aro  now  nearly  b 

(:.'.)  Ganoids  of  the  present  day  have  some  of  them  bony  skele- 
tons (Lepidosteu3),  but  most  of  them  cartilaginous  skeletons.  All  the 
Dovnnian  Ganoids  had  cartilaginous  skeletons.    Pla  h  nowuid 

in  all  times,  had  cartilaginous    skeletons.      Therefore,  all  Devonian 
Bah -.->-,  without  exception,  had  i-artilaginotis  skeletons. 

(3*)  The  pesftiou  of  the  mouth  of  Teleoata  is  usually  at  the  end  ef 
the  snout,  or  even  often  looking  a  little  upwanl.  (Janoids  now,  mod 
of  them,  have  the  month  like  Tulcosts,  at  the  end  of  the  snout ;  bat 

tome  (sturgeon)  have  it  beneath  on  the  ventral  surface.    The  suss 

was  true  in  Devonian   times.     The  Lepido-guiioids  had  the  mouth  st 
end  of  the  snout;  hut  the  Placo-ganoids  usually  on  the  ventral  surface 

ids  in  all  times  have  the  mouth  beneath.    Therefore,  all  II 
Ionian  Bshes,  except  the  Lspido-ganoids,  or,  we  might  say,  the  mart 

characteristic  Devonian  fishes,  have  the  month  iti  the  ventral  pot 

•1.  The  tail-tins  of  fishes  are  mainly  of  two  types,  the  h«. 
even -I 'bed  (Fig.  444),  and  the  h.lerovercu!  or  nneven-lobed  (Pit 
The  one  is  characteristic  of  Teleosts,  the  other  of  sharks  and  wn« 
other  fishes.     These  differ  not  only  in  shape,  but  still  more  in 
ore.     In  the  former,  tin;  back-bone  stops  abruptly  in  a  few  large 

which  -end  olT  the  rays  to  the  tin  (Pig.  444.  B),  in  ihe  latter  the  bark- 

una  through  I  i  ad  rives  off  rays  iu  pain  ahoveand  bsSei 

(In'   146,8).     The  former  is  a  «<?;»- tw^ro/sts*, 
tall-fin.    There  is  still  a  third  Btylc  in  which  the  tail-tin  u 
hut  not  asymmetric  as  in  Pig. 446,  a  and  B.    This  is  boeno«llrd 

al  by  ('ope.     It  is  probably  the  mosi  primitive  type,     Nov,B 
living  Ganoids,  the  tail-fin  d,  though  in  some  case*  only 


Devonian  Airauia 


;wi 


•lightly  liu  Qt&oidfl  the  tail-fin*  are  alway*  d 

.Ml  Plaoolds,  both  tiring  and  extinct,  have  vertehratsd 


P:».  ■*♦♦.- II  ill-in:  A, 

form;  B.  •iniLlurc. 


Fi«..  ««.— HcutwctcjiI  or  Vcit»bT»l«l  Tri- 
form; II.  ■tninun-. 


r^^C^X^^^S^ 


tail-fins.     Therefore,  a  -,  without  exception,  if 

fU-fitM — sometimes  n.-yimu-. A        ;i  -l^and  sometimes 

Mtric  (Figs.  438,  ; 
In  ;«1I  Toleoets,  and  * 

in  nearly  all   tiring   Bsl 
the    paired     fins    (eon 

'    to     limbs)    are 
*imply fins.    The  bones  of 

tubs  are  buried  in  the 
body,  i:  ,i  there  is  one 
TOrycluiracteristic  Devoni- 
an family  (Oroaaopiarjgi- 
ans)  in  which  tin'  limb  13  a 
lobe  of  tho  body  running  through  the  fin.  Tin-  relation  hot". 
two  styled  of  paired  fins  is  similar  to  that  of  the  two  style*  of  tail- 


F10.  «*.— Vrrtc»>r»t«!  bnt  Srmmi>tnc«l  Ma:  A.  form; 

II  Inn. 


.  M7.-NMd  »»d  for*  limb  of  1  Ceiatodna. 


Ki.».  M* -Iliad  limb  of  itni  (aft*r  <l«ntb«). 


fins.     If.  in  tho  other  6086,  we  hml  a  rrrt'bratal  tail-fin,  in  this  W11  have 
•/paired  flns.  lu  of  pai  -  still  found  in  some  fishes, 
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Flii     «0—  Himrlnir  i'f    a   (limniil    Tm.ili 
►  rim  :  11 1 1- 


.siodus,  !•':  i       inoture  resembling  a  leg  is  shown 

in  KL-   h;  sad  448. 

.    !  _of  many  Devonian  Ganoids  are  fluted  or  channeled  <m 

tar  surface  near  the  base  (F!g.  449,  a),     On  nctioi 

that  the  inner  inriaes  i 
i-  deeply  folded  (Kg.  i  ■  Ihiaii 

'Uinc  etrudiirt.  It  H 
*till  inure  marked  in  inrhj  Amphibiant, 
iiml  ii  ihifa-_ 

eter> 
*,.  Devonian  Plai  re  all  C«- 

iiucinnts, i.e., they  all  had  <..bble*to_e- 
pavement  teethi  Instead  ol  the.  lancet-shaped  teeth  d  isttc  of 

moden    barl  ■■ 

Devonian  Fishes  were  Generalized  Types. — Teleosta  are  typM 
flabaa;  Ganoids  anil    I'l:  specially   Devonian  Qanoida  ami  I'U- 

euiils.  were  both  COtUUISting  Otld MtU/ri/Onit  typ  :  with  Uieil 

distinctive  nsh>oharacters  tbe]  combined  others  which  co 
with  higher  vertebn  ■■■  < ■  in!  1;.  amphibians,  and  .-till  oil 

are  fou  ml  in  the  embryos  of  Toloosta.    The  most  impoi 

characters  of  Ganoids,  especially    Devonian   (Jan. -ids,   are:  1.    I 
inniii  protective  "rmor  of  thick,  bony  plates  or  scales,  such  as  too 
jiM^i-ssad  bj  early  amphibians,  and  by  many  rep  lie  present 

a.  Largo  conkiil   teeth  channeled  at  the  base,  and  "f  labyrii 

structure  On  suction.  This  MniHuiv  mils  very  marked  in  .urlynffi* 
pMbians.  B.  A  oallular  air-bladder,  freely  supplied  with  blood,  open- 
ing into  ilic  throat,  and  capable  of  being  used  to  tome  extent  at 

0  not  /"<"<  thai   tbifl  was  trno  of  Devonian  «.  l.nt  it  prok 

.::>■■■.  since   it   is  true  of  all  their  nearest  living  allien,  viz.. 
dostens,  Polypteros,  amia,and  especially  Ceratodns  and   I 
\.  In  man;  d  tins  which  had  something  like  joint* 

running  through  tin •m.    .*>.  The  taii-iin  ited  as  in  rapt-tee. 

Combined  with  these  connecting  characters  ar  'i  are 

distinctly  embryonic — i.  e.,  are  found  now  in  tho  i 
The  most  conspicuous  of  these  are:  l-  Cartilaginona  i 
skeleton,  and   even  the  retention  of  the  JibroUM  notoehord,  which  p»- 
cedes  in  the  embryo  tho  segmentation  of  the  vertebral  column.    ■.'-  & 
the  Placoderms,  the  ventral  position  ol  tho  month,  as  in  the 
of  T«-le  I.  The  vertebrated  tail-fin  may  be  regarded  as  ar. 

haracter,  since  it  is  possessed  by  nearly  all  amphibians  and  n 
Bui  il  ma)  be  regarded  also  n»  an  embryonic  character,  since  the  nil 
of  a  Teleo9t  passes  successively  through  the  stages  repr. 
444_4.li;,  being  first  isoeercal,  then  heterocercal,  and  finally  homocert-J' 
1 1  is  doubtless  both  connecting  and  embryonic. 


In  Piaooida,  both  living  .'11111  extinct,  Hum  >*  a  rim 

of  connecting  and  em'  characters,  but  in  fahil  oane  the  ambry* 

onic  acem  to  predominate!  We  have  luxe,  h  before:  1.  Hm  cani- 
htginous  skeleton.    8  teal  positioo  of  the  month.   But  is  addi- 

tion to  these,  also,  3.    Tin  abeanoo  of  an  operrlo  or  gill-cover,  growing 
backward  and  covering  the  gUl  dit&     4  Perhaps  the  leathery  or  im- 
peifectly-rayod  condition  of  the  fins;  and,  6.  The  ligamentous  instead 
taehment  of  the  teeth. 

On  the  other  band,  the  Plao  id*,  .it  least  those  of  rhe  present  day, 
bare  ryhigheonnaoting  ahataoUwa  in,  their  reproduction.    In 

all  PI*eoid«  tha  impregnation  is  internal  and  not  external,  as  ii  usual 
in  Teleosts;  and  therefore,  instead  of  spawning  a  great  number  of 
small,  unimpr  boj    lav   either   few   largo,  wcII-i-hm- 

impregnated  eggs,  like  birdaand  reptiles  (skates  and  come  shark?),  or 
else  incubate  their  egjrs  within  the  oviduct,  and  bring  forth  their 
young  alive  (mo-viviparous)  like  some  reptiles.     In  some  cases  ih. 

1    an   attaehm  veeu   the  of  thfl  intl  -niaih-hati  ln<l 

young  and  the  oviduct  >■!  tha  mother,  somewhat  similar  t<j  that  of  the 
placenta  to  the  uterus  En  the  mammal.  The  young  of  1'l.u ■•  ■  i .1-  alao 
hare,  at  tlmt,  a  land  of  external  branchiae,  like  those  of  amphibians. 
..wing  sch  riofly  embodies  these  facta.     It  is  seen 

in  tha  (iauoida  the  am  ■aatutyp,  in  tha  Plai  '  ny««/c,  characters 

adnata;  liut  that  in  the  Placoida  the  connecting  characters  are 


Uumni 


Bony  «rmor. 

lb]  nullum'. 
SBiro-bluktor  =  lungs. 
r»lft.l  fin»  =  legged. 
Tail-da  s  ratcbrated. 
BhdaCOfl  =  cnrtUa 
M'xilli  =  ventral. 


Pi  m  imii«. 


Reprodtirtinn  I  _         __ 

T;,!l-(,n=v„H«br«W.I.  rC°m'" 

BMllBII  =  carliUjrinoui. 

Mouth  =  ventral. 

QUt  Ite  OMQiUtriL  Embryonic. 

ipcrfecily  rayed. 
Teeth  imperfectly  attached. 


high.     The  Lepido-gaaoids  of  Devonian  and  Carboniferous  times 
were  far  more  QOUnaoting  or  reptilian  than  the  tJanoids  of  the  present 
these  have  been  called  Simroula  by  Agassi*  and  //■ 
by  1 1 11  x  ley  : 
Bearing  of  these  Facts  on  the  Question  of  Evolution.— It  is  seen 
at  the  Devonian   fishes  combined  certain  high  characters  with 
certain  low  characters.     From  one  point  of  view  thoy  seem  lower,  from 
another                 nan  ordinary  Rebec    There  has  been  eome  dispute, 
whether  in  the  history  of  fishes  we  find  a  law  of  progress  or 
a  law  of  regroaa ;  in  other  words,  whether  or  not  it  raetauu  a  law  of  ovo- 
in.     The  -  a  result  of  a  miset option  of  the  nature  of  evo- 

lution.    The  most  fundamental  law  of  evolution  is  the  hue  of  dijftren- 
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tialion  air  i:at\<m,i\\i<.\  the  Devonian  fishes  are  an  admirable 

illustration  of  tlmt.  law.     Tlu-  law  may  In-  stated  thus:  Tfat 
dueed  of  any  class,  order,  or  family,  m  not  typical  c  samples  of  tlieir 
class, order,  etc.,  but  connecting  types. — i.  o.,  forma  which,  along  wili 
their  distinct! . ..•  i-Ui --i'-,  ordinal,  or  family,  characters,  combine 
which  connect  tln'm  with  other  classes,  orders,  eta     In  the  process  of 
evolution  such  OOttneotinsj  Ot  generalized  forms  its  a  common  bI 
separated  into  several  specialized  brunches.     Thus,  the  Dsrfoniaj 

ii. a  typical  BshM  as  wo  now  kuou  them. but  Sni/rodi — i.e.,  along 
with  their  distinctive  fish  characters  they  combined  others  which  closely 
allied  them  with  amphibiani  and  reptiles.     They  were  the  represent* 
and  proyi-Hifrrx  of  both  from  this  common  stem  diverged 

two  Imcho*,  vi/-,  typical  fishes  on  the  one  hand,  and  amphibians  imd 
reptiles  an  the  other.    Snob  connecting  links  with  other  classes  or  or- 
ders are  variously  called  connecting  types,  synthetic  types,  con. 
types,  comprehensive  types,  generalised   type*-     Wo  shall  usually  all 

;t  aeralizal  typf*.  and  their  differentiated  outcomes  spt-<- 
types.     We  hIiuII  find   many   BDOh   in  the  course  of  the  history  of  the 
organic  kingdom. 

Suddenness  of  Appearances. — Rut  it  is  impossible  to  overlook  the 
apparent  suddenness  of  the  appearance  of  n  new  class — Fishes — andi 
new  department — Vertebrates — of  the  animal  kingdom.  At  a  ccruia 
horizon,  and  that  without  break  by  unconformity  refore  with- 

out notable  loss  of  record,  fishes  appear  in  great,  numbers  ami 
It  look.-  at  Brat  as  if  they  came  without  progsnitorii    This  ap] 
suddenness,  however,  is    greatly  diminished   by   recent    discoi 
Fishes,  few  in  number,  small  in  size,  and  low  in  organisation, lnc 
been  found  far  down  in  the  Upper  Silurian.     The  gap  is  still  gn- 
will  be  made  less  and  less  by  continued  discovery.    Nevertheless,  in  spit*' 
of  nil  this  it  is  difficult  to  account  for  the  enormous  increase  in  the 
number,  size,  and  variety  of  fishes  at  the  opening  of  the  Detonisa  un- 
less wc  admit  purasi/m/ix  <\f  more  rapid  movement  in  evolution — milceS 
we  admit  that,  when  the  conditions  are  favorable,  and  the  time  is  rips 
for  a  certain  change,  it  takes  place  with  exceptional  rapidity,  primp* 
in  a  few  generations. 

Amphibians  and  reptiles  have  not  yet  been  found  in  tlu  iKvoniM- 
Biahea,  therefore,  were  the  highest  and  most  powerful  animn: 
living.  They  were  the  rulers  of  the  Devonian  seas.  The  previous 
rnlers,  therefore — viz..  Orthoceratites  and  Trilobitea,  according  to  » 
necessary  law  in  the  struggle  for  life — diminish  in  number  and  bus, 
and  seek  safety  in  a  subordinate  position. 


CAIlB<»MKKKOi:s   *'. 


W 


— Carboniferous  .System. — Are  op  Acrooens  ash 
amphibians. 

Retrospect. — Before  taking  np  in  detail  this,  important  end  ini 

ing  age,  it  wi  >  glance  back  otot  tlio  ground  fcraverw  A, 

and  draw  some  COmdan'ODB. 

[fwooon  M  pli  vsicul  geography,  the  American  wltn  th< 

ropcan  Continent,  we  tiud  the  one.  marked  "by  simplicity  sad  tin-  other 
by  complexity  of  structure.     This  i*  brae  not  only  of  tho  map-outline, 
»lsi)  of  the  proflle>ontlinBj  or  orographic  ifciuuture,    Nov,  as  history 

fumishi  to  MOJol  end   political  structiU' 

.  I  -tnii  run-.     Tin-  Ann  ri.an  Continent — at  least  in  it-> 

eastern  part — has  developed  comparatively  .-i/iv-i/iVy  from  the  Laurantian 
Ifus  southward  and  asafwerd, and  probably  northward,    We  have 

already  swn  how  the  Silurian,  area  was  added  to  the  Lauren turn. 
the  d  t«  the  Silurian.    It,  shall  be  oar  pleasure^  hereafter,  to 

show  the  contiumuu-e  of  this  steady  development  ilmm-huut  the  whole 

i         jr.     For  our  knowledg i  Que  mtareeting  sabjoctwe 

almost  wholly  t->  1'mf.  Puna. 

Iu  thu  case  of  America,  the  oonthaenl  thai  sketched  in  ootlb 
the  earliest  times  has  been  steadily  worked  out  in  detail  throughout  nil 
■ubec.uiout  time;  with  some  very  eon.-iiieral.ile  oscillations,  it.  in  true.  <ir- 

tornrining  anoonfannabnity  of  atrata,  rapid  ohangee  of  physical  gi 
raphy  and  climate,  ami  therefore  of  1000108,  thus  marking  the  great 
i>ut  on  the  whole  without  change  of  plan  or  earning 

of  purpose;  in  tho  case  of  Europe,  on  tho  contr.<  ogicel  bj 

.'  1  series  ol  peoillationi  Bogrcal  tli.it.it  amounts  to  a  wiooeaiTve 

making  and  unmaking  of  the  OOOi inent. 

Ha  ■  all  geological  problems  are  expressed  in  simpler  terms, 

and  are  mora  easily  solved,  here  than  there.    Banco,  also,  whil 
rope  the  ages  and  periods  are  separated  by  tmefmformabilitj  of  the 

rock-system,  as  well   u  oha&ge  i"  the  life-system,  in  Ameriea  they  are 
separated  mainly  by  change  in  the  II  I  v. 

Subdivisions  of  the  Carboniferous  System  and  Age.— Tin-  Carbonifer- 
ous age  is  siibdiii'led  into  tin  1.  Sub-Carboi. 
!■  ■■■■.  or  Carboniferous  proper;  3.  Permiaa. 
The  gub-Carboniferous  was  the  period  of  preparation;  the  Coal- 
measure*  the  period  of  cu!,:              :  the  Permian  the  period  ofdecMnc 

■n  to  the   Mr- e.     The  whole  thickness  of  the  carbon* 

1  in  Nova  Scotia  is  16,000  fool  ;  in  South  Wales  it  is  14,000 
feet;  in  Pennsylvania  9,000  feet,  and  in  Lancaebire  16,336  feet  * 

sub-Carboniferous  consists  mainly  of  marine  formations;  the 
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I  -  ..'.. measures  mainly  of  fresh-water  formation — the  fanner  mail A 
Limestone,  the  latter  main!}  "'  eanda  ami  i  fonta  erf  the  for- 

are,  therefore,  mainly  marine  animals  >A  tie-   latter  mainly  fresh- 
water and  land  animals  ami  plant*,  though  marine  animal*  areata 
Bound.    In  hoth  Boropoand  America  the  coal-basins  oonaiating  of  the 
latter  are  underlaid  by  the  former,  which,  moreover,  oat  i 
Eonninga  pennmhral  margin  to  the  dark  area        i  ng  '.-<<U-basin8 

on  geological  mapa  (eee  map,  page  891).    Between  th-  or,  rather, 

forming  the  lowest  member  of  the  Coal-n;  iii  many 

OEM  BMriafatnBi  '.ailed  tl 
After  this  general  eo  m  will   now  couceuirato  neari- 

whole  attention  open  the  OarhonUarocu  period  prop  r;  hi  i  this 

middle  period  ralminatod  all  the  more  at r,  >  ;csof  tfo 

in  tpcakiag  of  the  tife-eyetem,  bowevor,  we  wiO  draw  from  both 
Bub-Cur  ami  Carboniferous  indifferently.    Thi  mn 

shall  treat  only  as  u  transition  to  the  next  era. 

Can  '<  Proper — I!wk-.\  l-Mensurtf. 

The  Name. — The  Carbon ifenms  period  is  but  one  of  the  three 
ods  of  this  age.     The  Carhoiiit-  again,  hut  one  ..f  the  three 

ageaof  the  Palsoaoto  Bra,  while  the  Palaeozoic  era  i-  Itself  but  one  d 

the  four  great  era.-,  i-\rln-r,i-  of  the  present,  <,r  the  whole 

tOTJ  of  the  earth.    The  Oarbonii  period,  there  fore,  is  probably  not 

more  tlum  01  h  part  of  that  recorded  history,    STet,  during  that 

id  "ere  aeeumiihited.  and  in  the  strata  of  that  period  (Coal-mss*- 
ures)  are  still  inclosed,  at.  least  nine  tenths  <if  all  the  irvrl-nl  ooal,  and 
probably  nearly  nine  tent  lis  of  ait  the  workable  coal  in  lite  trurld.  It  is 
essentially  the  tooL-beari'iy  ]»riu/i.     Win  u  we  remember  that  ewy 

geological   period    has  its  characteristic  fossils,  by  means  of  which  tlte? 

formation  may  be  at  rawa  recognised  by  the  i  aperienoed  eye,  it  is  ess/ 
to  sea  the  ini])ortanee  of  this  simple  fact  a*  a  guide  te  the  prospector. 
It  hag  ii:  mated  that  the  money,  time,  and  energy,  naatearijes* 

ponded  in  the  State  of  New  York  in  ftZplorations  for  cod.  irhere  any 
geoli  giat  might  be  sure  there  was  no  coal,  would  suffice  to  make  a  ooa- 
plete  treolojjical  nwej  of  the  State  several  times  over!     The  same  a 
qI  Qreal   Britain  and  many  other  eoimtries. 

ThicknesB  of  Strata. — Although  constituting  ho  email  a  porti 
tho  whole  stratiti-  :  earth,  tin-  ooal-ineaBUrea  are  in  some 

places  of  enormous  thickness.    In  Nova  Scotia  they  are  13,000  feat :  in 

■'It  Wall--,  12,000  feel ;    in   Pennsylvania,  4,04  Vir- 

i.i,  ©re?  4.:."n  feel ;  In  Indian  T.  s.ooo  to  I0,ooo  feet.* 

Mode  of  Ocourrenoe  of  Coal. — Sueh  being  the  thiokneea  of  the 
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measures,  it  is  evident  that  Inn  o  HBoD  proportion  eonlrtfl  of  coal.    The 
coal-measures  consist,  in  (tut,  of  thick  strata  of  sandstone,  shales,  and 

limi-stonc,  like  other   formation*;    hut  m   addition    to 
Stifled  thin  scams  of  eoal  and  bod8  of 
Kven  in  the  rioheBt  eowJ  ■.  t In-  pro- 

portion of  cool  (o  rook  ia  not  mon  than  h  i  hi  •, 

ll»  proportion  of  iron  is  }<t ill  lmirli  In  some 

coal-!  .  for  example,  in  the  Appalaobiu,  mtehat^ 

-.  shales, and  sandstones,  predominate;  in 
ns,  as  in  the  Western  i  i  -■>  ilnneiits 

predominate. 
The  five  kinds  of  str:it:i  mentioned  are  repented  in 

:M.;i:.ii;  vciv  many  times*  -perhaps  i I 

.  u  in  the  accompanying  notion  ;  bat,  in  com- 
paring one  coal-field  with  another,  or  in  the  mom  OoeJ" 
Add,  in  comparing  rtion  of  the  series  with  an- 

.  then  i*  n«  rtgtUa  •vera- 

ble.     K>  |   in  contact  with  the 

Ktun,  and  beneath  it,  then'  la  nearly  always  a  thin 
str.  ri  -rh<i.     This  constant  attendant  of  a 

ailed  the  wwR  Again,  immtdiit'ft- 

lr  uliove,  and  therefore  forming  the  roof  of  the  opened 
seam,  it  ,  though  not  ao  constantly,  ■ 

shale    which,   being    impregnated    with    carbonaceous       ,''"1.,'  ,   k";H 
matter,  is  called  the  Murk  *halr  or  ftlnek  $lat$.     These 
accomiuinitnenU  are,  how  llj  tec  thin  to  np-       •"'<>■ 

ii  ii-. 

iffereni  portions,  however,  of  the  nune  eoal-fleld,  al  the  auna 

geological  boi  •  are  apt  to  Qnd  toe  tanu  order.    This  is  the 

necessary  result  of  the  continuity  of  the  .strata  over  the  whole  basin. 
If  n'  ul- basins,  with  their  five  different  kinds  of  strata,  by 

rean  I  Mred  paper,  then,  while  the  order  of  succession 

may  be  different  En  the  different  reams,  ami  in  the  appear  or  lower,  po* 

im.  yet  at  l  level  wc  lind  the  muiic  order  iii 

v  portion  of  the  same  ream.    This  is  a  test  of  a  coal-field  > 
whei  tl    I  by  denudation  into  several  baaina    it  is  also  a  mode 

of  identifying  individual  coal-seams;  for,  if  the  strata  Im  corn  in s, 

seam  will  baTe  the  same  aooompanying  strata  uIk>vi-  and  he- 
low.     The    Pitt  iborg  wain  has  been  thai  identified,  wish  greal  proba- 
bility, over  an  area  of  14.00C  square  mill  -.  and,  allowing  for  removal 
lenndktion,  over  an  original  area  of  iH.nw  square  miles.     Rogers 
thinks  the  original  urea  may  have  been  90,000  square  miles*     This 
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ruli"  for  the  identification  of  coal-seams  of  known  value  b 

practical   importance;  but  it  must    bo  piii'  -trataof 

cottl-mrfu-iuivs,  both  the  Beams  ami  the  aooompenyiag  shale  and  -■ 

stones,  like  all  other  strata,  thin  out.  on  I  .    ■  ■ 

tln.'li  is  a  most  extraordinary  continuity  in  the  strata  oi 

COftl-Ji 

Plication  and  Denudation. — Coal-bearing  strata,  like  all  other  strata, 
were,  of  course,  originally  horizontal  (|  i)  and  continuous, 

like  other  strata,  they  uro  now  fount    loo  i  timet  horizontal  and  some- 
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timcB  dipping  at  all  angles,  and  folded  in  the  most  complex  nun 
In  the  Appalachian  region,  especially  in  the  anthracite  region  of  North* 

em      1  • 

nia,  the  strata  are 
very    much    div- 
tarbed,    and  lb? 
'-seams  inter* 
itifled 
them 
Dearly perpendicular (Big.  4.'>i),  while  in  Illinois  and  Iowa  the  coal- 

strain  :i  ■>■  ncarlv  or  rjuite  horizontal  (Fig.  462).      But,  whether  hoi' 
ill.  or   gently   n 'bled,  or  strongly  plicated,  in   all  capes  denudation  hat 
carried  away  much  of  the  upper  portions,  leaving  them  in  isolated 
patches  u  monntsini  or  basins,  as  shown  in  the  map  of  Northern  Penn- 
sylvania (Fig.  4-.'»4)  and  in  the  section  (Fig.  453). 


Kio.  •ira.-IIUnois  Co*l- Field  (aflrr  DniMin) 


Tta.  -4M  — Srctlon  of  Appilachlnn  f  Yitl-Klrl.l .  I'i  im-i  Unnm.  (bowing  Kflcrta  of  Kroalon  on  UctiV 
todolatlng  Mr»U  tatter  Lrolcjr). 

By  means  of  the  rule  for  identifying  seams  given  above,  it  is  often 
easy  to  trace  the  same  seam  from  one  basin  to  another,  or  from  out' 
mountain-side  to  another,  with  great  certainty. 
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Fin  4.M.  — M«|>of  AMlir  i  ;  r,  un.yliriTila (after  L*nkj). 

Faults. — It  is  plain,  from  what  has  been  sail]  above,  that  there  is 
an  essential  difference  between  ■  ooal-*Mfn  end  a  metallifi. 
Coel-seatns  are  cimfnnmihlo  with  tin-  -  ajl -  tli.-ivf..!. IWI 

trhtilfij  lutwrrn  thr  strnfu.     This  would  bo  a  comparatively  easy  matter 

if  it  wen-  oof  Em  *  .~li|>s  or  f  nulla  which  often  ooear,and  aomeiimee  nuke 

working  unprofitable,    in  case  of  a  fault,  it  is  important  to  ramenv- 

ber  the  rule  already  given  on  jtugo  381,  viz..  that  most   OOmmooJhj  the 
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rim.  4»  — Sftllon  urvmt  Y»i-  |    ahowliig  it.e  Uvr  i>f  Faults  fnftir  Ilr  la  llcchri. 

strata  on  th«  font-wall  side  of  the  Saramgoes  nj»i  ird.    Lb  the  I  Howing 

section  of  Yarrow  colliery  it.  will  beoeem  thai  all  Hie  dips  follow  Una  luw. 

Thickness  Of  Seams—  "is  vary  tS  thicknuRS  from  :i  fru 

of  an  huh  In  forty  or  fifty  feet       \  workable  Msm  must  be    ii   least 
two  het    thick.     A  nine,  simple.  .-<  cldoui   more  than  eijrht,  or 

K'th  seams,  is  occur  in  the  anthracite  regk>n  of 

!.  and  in   Southern    France,  lire  produced   In  the  running 
Lherof  several  seams  by  the  thinning  oni  of  theintentratifled    I 
and  tea    They  ere,  thereforo,  almoet  always  annpound  $m 

•rated  by  tbin  partings  of  day— too  thin  to  ton  a  good  roof 
or  floor,  and  therefore  all  worked  together. 

Number  and  Aggregate  Thickness.— In  a  fdiiirb  coal-field,  we  have 
the  strn  ding  the  coal-seam*,  are  repeated  many  time?.    In 

the  South  .loggin's  soction,  Nova  Si-niia,  n ghty*one  coal* 

•wuns.  tboiiLrh  run  c  not  workable.    In  North  England  there 

are  twenty  U>  thirty  scams     In  South  Wales  there  urc  more    than  100 
Mams,  seventy  of  which  at  d.      In  South    Lancashire  then1  arc 

serenty*flve  scams  over  one  foot  thick  ;  in  Belgium  100  seams,  and  in 
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■fcphalla  117  seams.     The  aggregate  thiehuta  of  all  the 
faaoaahireu  150  feet;  in  Pottaville,  Pezmsjlvaaia,  LIS  feel  |  In  Western 
coal-fields,  seventy  feet;  in  Westphalia,  *,'U  fec-t ;  in  Hon  L* 

The  thickest  and  purest  an  usually  near  the  middle  of  tha  «vries. 

Kwdently  the  conditions  fimirable  for  the  formation  and  pre* 
of  coal  comrueuced  gradually,  even  heokintha  Davonian,  n  mhod 
criilm instt i< hi  in  tiu>  middle  ( ' i »:t l -«i n ■!*--» 1 1-»-  ■.  .iii.i  ';!•..  loallv  passed  smtr, 
geological  day  had  its  morning,  its  high  noon,  and  its  evening. 
Coal  Areas  of  the  United  States. — In  no  other  country  ate  the  coal- 
6  :i*  in  tin.'  United  States,     The  principal  coal-; 
are  shown  on  map  of  Eastern  United  States,  on  y.vi<-  ".' : ■  I . 

1.  Appalachian  OoaUJPitld.  —  This,  the  greatest  coal-field  in 

World,  Cer  in   Nnillicrn  I  '■  -1 1 1 1.-  \  1  \  nil  i;; .  ,--,\,-r-.  iln    vholOOl   '■ 

cm  Pennsylvania  and  Eastern  Ohio,  a  large  portion  of  W  .inis 

and  Bafftern  Kentucky,  then  passes  southward  through  East  T« 
touches  the  northwest  conirr  of  Qeorgia,  and  end.-;  in  Middle  Alabama. 
In  general  terms,  it  occupied   the  m '-tern  slope  of  tha  Appalachian 
from  the  confines  of  New  York  to  Mi  labamfl.    Its  area  is  at  least 

80,600  gouare  mi! 

8.  Oeniral  I'wi-Fi-  )<!.-   This  cover.-,  the  larger  portion  of  lb. 

the  Houth  west  portion  of  Indiana,  and  the  western  portion  of  Kentc 
Its  area  is  about  47,000  iqaan  miles. 

:;.    Wi'sfmi  Cuti'-Fiiltl. — 'Phis  covers  the  southern  portion  of   : 
the  northern  and  western   portion  of   Missouri,  the  ea-tvni   |x 
Kansas,  and  then  pa-:---!--    ..iiihward  through  Arkansas,  Indian  Terri- 
tory, anil   into   Texas.     Its  niva   i.s  estimated  at    ?S,('HM'i  square  mil 
These  two  coal-fields  are  seen  to  he  connected  by  sul-  *  'a- 
They  are  probablf  one  inunenM  field  Beparated  bj 

4.  Michigan  Cbal-Fttid. — In  the  pen  center  oi  the  Statu  of  IA 
gan  there  is  another  coal-ticLl  occupying  an  an  I  ik* 

o.  Rhoit   latand  thai Frh).—  \  -mall  patch  of  BOO  square  mike' 
area  i.s  found  in  Bhoda  l-i-o  ling  a  li 1 1 1- -  into  Hassau  bi 

n.    \  <irirl. —TU\.~  is  a  huge  area  en  both 

I'.iy  "f  Fiindy.     It  la  estimated  al   18,000     |  U 
following  table  gives  approximately  the  areas  of  American 
coal-fields  of  the  I  larboniferons  age: 

kBpsfabbs '•' 

CVnlr»l I 

W..f.n V- 

Mkt.ir.n »V!00      • 

KHo.tr  Used 

192,200 

Nora  Scoti» 1S.OQ0 

210,400 

•  Sunn,  rot.  xlll,  p.  338,  tSWX 
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Of  tlic   190,000  square   mill-*' emil-nrea  of  tins  age   in   the   Unite«l 

S0,000  square  miles  it  estimated  as  workable. 
Extra-Carboniferous  Coal.— all  the  fiolds  n 
t.i  tin-  Oarbonifare  But,  besides  tlu^e,  tin-  raited  States  is 

>al  of  other  j)i'rir»d.s.      I'mhahly  50,)Hi(l  stpiare  miles  mighl 
added  from  strata  <if  latex  times,  making  in  nil  170,000  square  mill 
workable  coal,    lint  of  these  latter  field*  we  will  a  their  pn 

places. 

Coal-Areas  of  Different  Countries  compared. — The  followi 
taken  principally  from  Dana,  -  o  tmpantlva.  coal-areas  of  the 

principal  coal-producing  countries  of  the  world  ! 


failed  Stat** IJHi.n,,,,  i,,  i  .,<i,000  Mjunre  miles. 

Ilriiiih  Amerlo*. 18.000 

GmtBriuin M 

si«ii>              *.<«■■■> 

Franc- 2,000 

CJi-nime. 1,800                                     " 

018 

Europe,  e»Um»tod iin>,<h.hi 


BeoeuttJ  BOOnooafl  areas  of  ooal  have  been  found  in  China,  much 
of  which  to  this  ■.< 

Relative  Production  of  Coal.— Hut  if  tin  oi  aoal-orM  repre- 

sents sp:<  mount  of  wealth  of  this  kind  prc.-ent  in  the 

strata,  the  /•  I  of  coal  represents  BOW  much  of  tin.-  wealth   ir< 

vital;  it  represents  lb  n1  ■•(  those  /■■■ 

prii'lnit  on  coaL    The  following  table  is  compiled  from  the  best  S0WI  BS 
at  hand  : 


ahmm.  qoai  iK"i>i  anon  in 

MILLIONS   O*-    : 

1845. 

1801. 

123 
B0 
M 

u 

1884. 

SI'S 
I  •.-. 

4-1 
4-9 

SO 

u 

i.'. 
10 

ISO 

ins 
7" 
•J" 
18 

toe 

WurU 

ion  of  the  table  shows  that  in  the  principal  coal-producing 
countries  there  i-  wrsrwsof  production.     !t  is  beltered  ft  - 

kkesnoM  rata  of  increase  continues,  the  srmoal  production  of  Oreat 

years  960,1  00,000  tuns,  and   the  whole  work- 
able coal  will  !»•  szhausted  In  110  years.*     As  might  be  i 

.  British  statesmen  and  scientists  srs  casting  about  with  much 
auxi'  i  bv  which  to  promote  the  more  economic  use  of  coal. 


*  Aimstroni;,  Nature,  toI.  tQ,  p  291. 
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Fortunately,  our  own  country  is  supplied  with  almost  inexhaustible 
stores  of  this  soureo  of  industrial  prosperity. 

Origin  of  Coal,  and  of  ils  Varieties. 

•|*li:ir  r..;il  U  'if  regetable  origin  is  now  no  longer  doubtful    AW 
will  inilv  briefly  <  1 1 1O1  I  idenooe  on  which  is  bused  tin 

Krientifio  unanimity  mi  this  subject  i 

l.  The  remains  of  an  Bxttnoi  regetation  are  found  En  abundance  in 
immediate  connection  with  coal-seams;  Ktuiii]w  and  roots  in  tin-  m 

mi  items  in  tin.1  Uaok  alate  In  mo 

iinii  I'Vi-ii  imbedded  in  the  wan  itself.    8.  These  Teg    i         mi 
not  mil;  d  with  the  coal-seam,  but  hew  often  bhemserres  be* 

ruin:  coal,  though  still  retaining  their  original   form  and  I  . 
A.  Not  <>nl\    these  easily- recognizable    imbedded  vegetable    fragments, 
but  tin-  Imbedding  substance  also,  tin-  whole  ottnl  ooam.  eren  the  uioit 
structureless  portions,  and  the    hardest  varieties  Mich  as  an  ' 
M  carefully  prepared  in  n  suitable  manner  and  examined  with  the 

microscope,  show  vegetable  structure.     Even  the  ashes  of  coal,  carefully 

examined,  show  reg<  table  cells  with  characteristic  markings.    The  tot 

ing  figures  show  the  results  of  sin  b  examination.    4.  A  perfect  gra- 
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dation  may  be  traced  from  wood  or  peat,  on  the  one  h*J  gh  brown 

roul,  lignite,  bituminous  coal,  to  the  most  structureless  anthracite  ami 
graphite,  on  the  other,  showing  that  these  sire  all  different  terms  of  tbr 
sumo  series.  Inclu-inicul  composition,  ton,  the  .-nine  unbroken  serie* 
may  be  traced.  5,  Lastly,  the  best  and  most  struotnrelesB  peal,  by 
hydraulic  pressure,  may  be  made  into  n  n  baring  many  of  tka 

litaes  and  uses  of  ooaL 

We  may,  with  perhaps  less  confidence,  go  further,  and  say  that  «U 
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carbon  and  hydrocarbon  K  >ig  are  probably  of  organic  origin. 

Carbon  probably  existed  at  first  o  ly  as  carbonic  acid,  and  has  been  re- 
•omlitioii  only  by  organic  agency. 
Varieties  of  Coal.— The  varieties  of  co:'  "•.•purity, 

upon  Me  dft/ree  of  biluminiin  I  npOO  tl  (MM  e/ 

fu  matter. 
Varieties  depending  upon  Purity.— Goal  consists  partly  of  oi 

.Milnislihli'  and  {-Jirtly   of   inorganic  or  incombustible  in. HUM-,     dn 
burning  coal,  the  organic,  combustible  matter  i:-  ed,  and  passes 

awa}  Tin  of  gas,  while  the  in<n .  DCOmbostibk  ia  lift  wt 

,  .<,»•,  the  ri  Son  of  than  may  varj  lo  an]  Bit 

\v  .■  in:iv  bare  ■  ooal  of  only  one  or  tiro  pat  Dent  nh.    We  mnv  hate  a 
coal  of  tiro,  tan,  fifteen,  twenty  par  cant  aab  ;  the  ooal  is  now  becoxE 
poor.     We  may  have  a  coal  of  thirty  or   to  OeHl  a.-h  .  tb 

!  fata;  eeal,  or  shale;  ooal ;  it  ia  the  valneleaa  retnae  »f  the  due 
;i  coal  of  fifty  or  sixty  per  cent  ash;  bol  ii  DOW  I 
the  name  as  well  as  the  i  ombuetibiLity  of  coal,  and  ia  called 

coaly  shale.     Finally,  we  may  have  a  coal  of  seventy,  eighty,  rm 

and  thus  it  peasee,  by  insensible  degrees, 

through  black  abale  into  perfect  shale.    This  passage  iaofn  d  observed 

•  roof  of  ■  coal-team. 

Now.  all  vegetable  tisane  contains  hteombastlble  natter,  arnica,  on 

banting',  is  left  as  ash.    The  amount  of  ash  Je  matter  is  on  an 

percent    But  as,  in  the  proec  lange 

from  wco.i  to  coal,  much  of  the  ic  matter  ia  loal  (p.  880  tt  ■<"/•). 

and  the  relative  amount  of  ash  ia  thereby  i.  that, 

live  per  cent  or  leas  of  aab,  ii  )lntelj    pure — 

i.  a,  it*  ash  Oomea  wholly  from  the  plants  of  which  it  is  composed; 
bntifacoal  eontaina  more  than  tea  per  cent  sehfi4  ia  probably  imp 

— i.  c,  mixed  vriti  i I  oi  the  time  of  its  aceomnlal  Ion. 

Varieties  of  Coal  depending  on  the  Degree  of  Bit.nminization  — 
Tbopeoviotiflly-tiifntioni'd  varicii'  ire  and  (mpureoo 

the*  frftrt  and  imperfid  eoesa     ?7«   Snd  the  vegetable 

matter^ accumulated  indifferent  geological  periods,  in  different  etagee 
eftha  hange  called  bitnminizatioo.     Brown  coal  and 

are  exam  plea  of  n  are  always  eompamtisely 

rn. 

Varieties  depending  upon  the  Proportion  of  Fixed  and  Volatile 
Matter.-  ran   when   pure  and   perfectly  bitumini  -ista 

mill  of  many  rarietie*,  having  different  neea,  depending  upon  Ehe  pro- 
portion of  Bxad  and  volatile  matters.  These  ue  Lb  rietieaof 
coal. 

In  para  and  perfect  coal,  then,  the  combustible  matti 
and  part  volatile.    These  may  be  easily  separated  by  beating  to  < 
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noes  in  a  retort.     By  this  mean  fWs  mutter  is  all  driven  off 

anil  nil.     >    collected  as  tar,  oil.  etc.,  iu  cor  and  as  pcrinuuvat 

gaac-  in  gasometora;  and  the  ffawd  matter  is  lull  in  the  retort  as  coke. 

Now.  (he  proportion  of  these  may  vary  greatly  iu  different  coals,  utiil 
alfect  the  use.-   '•■   silica   tin-  coal  is  applied.     Fot  example,  wh,  a 
eonl  consists  wholly  of  tixed  cur! ion,  it  is  c.  This  is  not 

usually  considered  a  rarietyoi  cod,  became  i'  is  not  readily  « • « » i  •  1 1  •  i  -  - ;  - 

ble;  but,  it  h  cvi.lt-nt lv  uiily  fits  lii.sl  term  of  the  co«  soft, 

iiii-UiIUo  luster  ami   in  M.ilitv.aud  \u  natfl  for 

peni  die,  U   a  friction-powder,  and  iu:  a  material  for  0  .  are  wdl 

known. 

\\  hen  the  combusliM  >>f  the  coal  contain*  ninetj  t"  n 

:  iixcii  eariion,  it  is  called  anthracite.    This  is  a  hard, 
iant  variety,  with  conchoidal  traotnn  and  high  specific  gravity.   It 
buna  vita  almost  no  flame  and  prodnoaa  much  heat.    It  is  an  whui- 
rable  coal  for  nil  leasehold  purposes,  and,  with  hot  blast,  may  be  used 
in  in»ii-.-Mirltiii;_'  furnace 

If  the  oombnatiUe  mattei  contains  eighty  to  eighty-fire  per  cent 

fixed  carbon,  and  liftecii  to  twenty  per  cent  volatile  matter,  it  become* 

Homi-antlinicite,  or  semi-bituminous  coal,  of  various  grade*.    Then  in 

free-burning,  rapid-burning  coals,  producing  long  llarim  and  high  tca- 

pciatnii'.  Iiecanae  they  do  not  cake  ami  clog.     They  are  admiraWr 

adapted  for  many  purposes,  but  oepecially  for  tlm  rupiil   | 

steam,  and  therefore  for  locomotive- 1 fflg iius.  and  hence  are  often  called 

x/trant-tfHtl.s. 

I  f  the  volatile  combustible  matter  rises  to  the  proportion  of  thirty 
to  fori v  percent,  it  becomes  fnll  bituminous  ooals,  which  always  'wrn 
with  a  strong,  bright  Same,  and  often  cake  and  term  clinker*.  This  is 
perhaps  the  commonest  form  of  coal,  and  may  be  regarded  as  tfpicd 
oob]. 

If  tin'  volatile  matter  approaches  or  exceeds  fifty  jwr  cent,  USD  it 
forms  Ithyltlti-biliiuiinous  or  fat  or  filling  cools.     Thhl  variety  i«  Mp> 

eiall]  adapted  to  the  mannfaotnre  of  gaa  and  of  coke. 

Bestdas  those  there  are  several    ■■  ■  tiding  on   physics! 

character.     Thus  cannel  or  parrot  coal  is  a  dense,  icturelsss, 

,  highly  •bituminous  variety,  which  breaks  with  a  conchoids! 

fracture.    There  may  bo  also  sorm  di  pi  riding  upon  the  kiml 

of  plants  of  which  coal  was  made,  but  of  this  we  havu  DO  certain 

CO, 

Origin  of  these  Varieties.— Tie  ir  can  be  little  doubt  that  the*. 
the  true  varieties,  are  produced  by  slight  differences  in  the  nature  »'"i 
degree  of  chemical  change  m  the  process  of  bituminization. 

It  will  be  seen  by  the  follow i ml'  table,  giving  approximate  foroisM 
that  vegetable  matter  and  coal  of  various  grades  have  the  same  general 
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cotnpositimi.  exeept  t hut  in  the  latter  case  somu  of  the  00X009  ami 
much  of  the  hydrogen  and  oxygen  have  paaeed  away  In  tho  process  of 
ohang 

Ycgrtabl*  nutter,  cellule* C„n„0„ 

iiuinou* coal t'jolIioOi 

Anthracite     " C«„1I.<> 

QnpMtt        "■ C  pure 

The  gradual  [OBI  i  3rOgen  and  oxygen  is  still  better  shown  in 

the  following'  table,  in  which  tin  re  given  is  proportion* 

oto  weight*)  instead  of  eon  the  < a rbon  reduced  too  con- 

stant qua! 


kim»*  01  Vi  i  ;.E  'mil!:   WD  I  OAU 


Pc»l 

Ugnit*? 

RtinmiiMMM  coal. 
Anthracite      " 


i  iriiaa 


1"' '"" 

100-00 
I0OO0 
1 00-00 

loooo 


Bjrdtnfn 


|«1  .. 
SI2 

o-oo 


i'.v...o 


«■« 

21-23 

l*M 

in  hi 


Xow,  there  arc  two  modes  of  decomposition  to  whioh  vegetable 

matter  may  be  subjected,  viz.:  1.  In  OOOtaot  with  utr;  end,  9.  Out  of 
contact  with  air.     The  first  is  partly  decomposition,  and  partly  oxida- 

.  i  is  wholly  decomposition. 
In  Contact  with  Air. — Under  these  conditions  tho  carbon  of  the 
vegetable  matter  unites  with  tl  nuttier,  form 

•arbonic  acid  (CO,);  and  the  hydrogen  of  the  vegetable  matter 
unites  with  tin-  oxygen  of  the  air.  forming  water  (11,0),  Further,  it 
«r\:  it.  for  erery  equivalent  of  carbon  thus  lost,  theru  are  two 

i  and  four  equivalents   of    hydrogen  lost,  eo  ae 
always  i  <in  the  same   relative  pnqitir- 

■  •  f    II.  ami  <i  VU.,  the  proportion  forming 
•  h     Thi  Snal  result  of  this  prooem 
I         very  improbable,  bow- 
that  antl  i'  graphite  is  formed  in 
r Ij is   nay:  foi               hie   mutter,  by  aerial    <le« 

car,  fulls  to  powder.  It  is  very  probable,  however — aey.ahnosl  oertein 
—that  a  ]WH'uliar  substance,  pulverul.  nt  and  retaining  vegetable  struct- 
ure in  ■  remarkable  degree,  called  mineral  charcoal,  (bund  fan 

ly  in  some  str;.1 1  i'  I  nals  ha.-  lurn  formed  by  partial  aerial  decay, 
somewhat  as  1  I  charcoal   I 

teroentage  of  carbon,  with  very  lit*  _-i'n  ami  oxygen. 

Out  of   Contact  with  Air.  — When  ile   mutter    i.s    buried    in 

•r,  ite  clement*  rear/  on  each  other     Some  of 
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Docarad 
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the  carbon  unites  with  BCUZM  of  the  oxygen,  forming  carbonic  acid 
(CO,) ;  some  of  the  carbon  unites  with  some  of  thl  lis  i\ ggi  n.  forming 
carbureted  hydrogen  or  marsh-gat  (tiH«) ;  and  some  of  the  hydrogen 
with  some  of  the  oxygen,  forming  water  (IIjO).  These  product* 
an-  probably  formed  in  all  oaaea  of  vegetable  decomposition  nodi 
condition  i  If,  fur  oxatnple,  wo  etir  up  the-  mud  at  ton  of  stag- 

nant pools   wlh'n    w.'i'ils  are  gruuinir,  the  bubbloa  which   rite  alwayi 
consist  of  a  mixture  of  0O|  and  (11,.    in  every  coal-mine  these  same 
gases  urc  constantly  iciven  "IT;  the  one  being  tin-  deadly  </•••/. 
Bud  the  other  the  terrible  Jhv-tbtuip  of  the  miners.     '••  raryiog 

thy  relative  :itu<>tin!s  of  these  products,  it  is  easy  to  see  how  all  die 
principal  varieties  oJ  bituminous   loal  in:iv  be  formed.    1  have 
below  the  approximate  coinpo-itimi  of  typical  vari  iiinwii 

ruai.aud  of  graphite)  and  oonitrueted  formula*  expressing  tho  chemical 
change  by  which  they  are  fonne<l : 


Vegetable  matter— cellulose C,«IIa,0,,* 

i     WOi  J 

Siil»tr*ct  -     .'IC1J,   • ChIIhOm 

<  1111,0  )  

'"'•11.  OmHwO   =  mniwL 

Again,  vegetable  matter C,f  Uto0,, 

\    700,  1 
Subtract  i    SOU,  ■ C„n..O„ 

..,,„.. ,.    n    n    _  \  bituminous  coal  fr»» 

Ana  ihrra  remain t„n„o,  =  j       staftoniihiM 

Apnin,  reputable  matter C,«H«,O,0 

Subtract  -   I00H,  ■ (\oH,„0„ 

/  ieH.0 1  

And  thi't •■■  ronaJni On  =  graphite. 


'J'l ompoeitioo  of  vegetable  matter  variee  considerably.    Th 

position  of  the  varieties  of  coal  u  differently  given  by  differ*  1 

ties.    Different,  reactions  from  tho.,.'  aliove  given  might 
v.  lull  would  give  as  good  result*.     Th<  fore,  an  not 

given  ai  certainly  the  actual  reactions  which  take  place.    They  tire  onto 
led  to  show  the  genera]  character  of  the  changes  which  takepttct 

in  the  f.-rmarioii  of  coal. 

Metamorphie  Goal.— It  i*  probable  that  bituminous  coal  i»>  thenar 

•Tlio  DQDpoeUlon  "f  Mood — timber — is  usually  given  as  about  Ci,Hi,(V  I  ar» 
taken  the  fonnala  d  oallaloae  Instead,  vlt,  C,H,»0,;  or.  taking  six  equivalent*  fnroo* 
vmiicnco  of  caloulation,  C„TI.„0,..  I  believe  this  to  be  much  nearer  the  eotnpo*W» ot 
vegetable  matter  of  tlic  Coal  prrvxl  tlinn  i.-  the  formula  of  bard  wood  like  oak  or  bciak 
All  the  results  may  be  worked  out,  however,  with  equal  case  bjr  tbe  use  of  either  fcesnh 
for  vegetable  matter. 
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mnl  coal  formed  by  the  ubovo  process,  and  that  the  eitromo  fornix,  an- 
thracite and  graphite,  arc   the.   remit  of  an  aiicr-changc  produced  by 

heat.    Bui  soma  geologists  go  further:  they  believe  that  anthracite  baa 
been  changed  raffioie&.t  to  vaporise  the  rolatjle  mad 

which   then  rcinliMi.se  in   Berates  above,  as  bitumen,  petroleum,  etc. ; 

.in  bitomiaooi  ooel  in  subjected  to  beal  out  "f  own 
witi  I  carbon  is  left  as  cok.  i  - ju i-I  matter* 

are  •  '.in  mufflers,  sod  the  permanent  peas  collected  in  gaaom- 

peers;  &>  re,  when  bedacd  bitaminoiu  doaJ  arosubjoeted  in  in- 

it  in  the  interior  of  tin-  eai  I  ted  carbou is leftas an:, 

liquid  matters  collected  in  Basures,  u  bitumen  and 

petroleum,  v.  hi]-  Mn    :   l*      BBCUjKs  in  burning  springs.     The  process  hi 

s  and  oni  .  and  thexeion 

...     According  to  this  \iew,  anthracite  and  bitumen 

an  necessary  correlative*. 

■  no  doubt  Unit  the  graphitic  sad  anthracitk  ran 
of  coal  are  always  associated  with  folding  and  mi  I  m  of  the 

strata:   1.  In  the  universally-fuMed  and  me  (amorphic  Lmireiitian  r 
only  graphite  is  found.     2.   In  I'nni.-vlvuiiia,  in  tho  strong  h-fuM,  d  and 
higl  latern  portion  of  the  lielil,  the  coal  is  anthracite  ; 

while,  as  we  go  westward,  and  tho  rocks  are  less  and  less  motamorphio, 
the  coal  is  more  and  more  bituminous,  until,  when  the  rocks  are  had* 

tal  and  unchanged,  tin  e.oal  1  highly  bituminous,    ThOBUBC 

has  been  observed  in  Wales  i  anthraoitc  is  always  found  in  metamoi  i 
regions,  and  the  coal  is  Don  and  more  bituminous  us  the  rocks  are  less 
and  leas  im-tamorphie.     .1.  Again,  the  authraeitic  condition  of  coal  may 

be  i-  in J  to  the  1. ie.il  effect  of  trap  ot  volcanic  overflows. 

In  a  word,  anthracite  is  aultBIWpMe  coal  ;  and,  according  to  thin  I 
the  same  heat  which  changed  the  rocks  has  distilled  away  the  volatile 
matters,  which  may  oondeUM  above,  us  bitumen  or  DetroleB 

We  have  given  above  the  common  view.     It  is  partly  true  and  partly 
erroneous.     The  tine  view  asema  to  be  as  follows : 

Anthracite  may,  indeed,  be  regarded  a?  nieuunorphic  coal,  but  it  is 
not  probable  that  bitam  neceeaflij  o-nvlat  iv ;  it  is  not  probable 

that  r.orphism  is  auflicient  to  produce  dcetruetivc  iiis- 

tillathm.    We  have  already  shown  (page  'fi i)  that  m  u  heat  of 

300°  to  J(H»°  Fahr.  in  the  presence  of  water  is  sufficient  to  produce 
metamorphism.  Sneh  a  degree  of  heat  would,  doubtless,  heated  the 
process  explained  on  page  3JG.  The  folding  and  erosion  of  the  rocks, 
and  the  consequent  exposure  of  the  edges  of  the  seams,  would  still 
farther  hasten  the  process,  and  bring  about  antbracitdsffl  by  facilitating 
the  escape  of  the  prodttete  of  decomposition.  In  all  ooeJ-minea  0OB 
and  11,0,  are  eliminated  new  ;  only  continue  this  process  long 
enongh,  and   anthracite  and,  finally,  graphite  is  the  result.     We  i 
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conclude,  then,  ili.it  hijrh  hr-at.  is  nol  necessary  to  produre  anthraciumi; 
for,  if  it  i«  mm  foe  uietnmorphism  of  rocks,  iuw:h  lesaisitnecw 

sury  for  Dl  'hism  of  ami. 

I'Ihii/m  of  the  Coal — thtnr  Structure  and  AJJinit  ■■ 

Tho  flora  of  the  pffliiHmf— ww  is  one  of  the  most  abandon! 
foot  of  bD  -'M iii.-i  floras;  according  bo  Ward,  there  are  u 
known  fossil  of  plant*,  and  of  these  aboo  r  neat); 

fourth,  ire  from  the  ceal- measures.*     This  flora  iarij  in 

ing  to  tin-  geologist,  not  onlv  on  aooonnt  of  its  relative  abundance,  bui 
also  ami  ohiafiy  beoaoaa,  being  the  Brit  ilivi mlBed  and  .-i.mewhat 
highly-organized  Horn,  it  is  natural  to  reppoae  that  ti  ciatta 

and  orders  of  the  <  ooauMnod  to  divt  <■/,•  here  ;  and 

r  lnTi  fore  it  furnishes  a  key  to  the  evolution  of  laii-1- j-lani  -       W 
therefore,  dism--  tin-  .illinitir.-  of  these  plants  somewhat  fully. 

Where  found.— The  plants  of  the  Goal  are  bund  principally:  1.  In 

the  form  of  stou/s  and  roots  in  their  original  position  in 

2.  Of  leaves,  and  brtiurlirn,  ami  jlirlti-nnl  trunk*,  on  the   Upper 

•   a!-Heam,  tad   in  the  overlying  thai*;  '■'>.  And,  finally,  in  tii; 
UUWB  of  log&i  apparently  drift-timber,  in  the  mntlM  ive  theeosl- 

seam.     The   lil.uk   shale  overlyin  HOD  IBOftefl  foil  of  leaves  »nd 

fronds  of  ferns,  and  of  the  flattened   trunks  of  oilier  faml 
moat  beautiful  state  of  preservation,  so  tinit  even  the  finest 

iln    Irav.      :     perfectly  distinct.      In  some  eases  where  the  st  . 

colored,  so  as  to  contrast  strongly  with  the  jet-black  leaves,  tin 
OD  Brit  opening  a  seam  is  very  Striking,  and   hoe  been  compared 

frescoes  on  the  oafling!  of  Italian  pali 

Principal  Orders. — Leaving  out  some  plants  of  donbtful  al 

iln     plants  of  the  Coal  may  be  referred  to  five  orders  or  famili> 

'ifers,    Arm,  l^ptdodcn1  >id»,  wl 

<  'tilitHiilcs.  1 1  is  usual  to  refer  these  last  three  to  Use 
two  orders  Lycopods  and  TCouiseta>;  hut  they  air  «o 
peculiar,  and  their  nllitiities  still  so  doubtful,  that  ** 
have  preferred  to  I  real  them  m 

All  these,  as  already  seen,  common 
•.oiiian,  as  did  also  tho  preservations  of  their  tissual  • 
oo&l;  but  both  the  vegetation  and  the  condition* 
necessary  for  their  preservation   culminated  11 
Coal  period,  and  therefore  we  have  put  oil  I 
cussion  until  now.     Contrary  to  our  usual  custom."-' 

k*o.4sr.-ttiiiiw  ' m  1   uiii  oonunence  with  the  highest.  1 

-..".I:  ,-.  m.  iMiinr,  J.  Conifers. — A  considerable  number  of  goncm « 

ahrath  :  it.  plih.  ° 


■  BtiMtW,  vol.  iv,  p.  840,  1864. 
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those  are  known,  but  all  of  them  quite  different  from  living  Conifers. 

ily  found:    1.    In  the  form  of  trunks  or  Ions  in  flic  gaud* 
'iu>  iibovt-  tin-  eoul-sciune  (Fig.  168)  j    -,'. 
In    the    form    of    lw 

rmnu'lics  in  the  nu.f-fii.il.-  >\  :  :(.  In 

tin'  fiinn  of  nut-like  fruit*  of  m&Qj   kinds, 

also  in  the  EOof>ensla.  Boi  they  are  no/ 
found  n»  stnnipi  .iM.i  roots  in  iUu  in  the 
rjnder-ohvr.     Prom  this  i  lode  thai 


Ho.  CO.— Am.. ■m'  —  i-nrllb,  |*- 
■liutiliu'li-l    lllWMJII) 


Vis.  UO.  -8«litm  of  nw:  ft.  wood;  w*dgr».  «,  pllh  and 


grow  »«  the  cr.a]-?wamps,  but  on  the  high  ground  about 
tluni ;  that  their  leaves,  snial]  bianohes,  and  .taiUs  ware  washed  down 


Tw.en.  riB.«K.  ri«.«n.  fi«.4n. 

Ttt  tti-*U  -nnriAn-1.rA«lu(V»nFCR*.  I.uim  ConimM  "I"  »«»iibCi>»i.Pi»>y«:  4fli.  8»ll»- 
twrto  KHiil",  •  Snmu.li.  40b  SccMon  at  fnuL  4M.  A  leaf,  natural  lla  404.  Iliylkxtailii*. 
■  OWIIWI 

into  the  swampa,  and  their  trunk?  were  8orn.iiii.es  drifted  down  by 
floods  which  overwhelmed  and  buried  the  coal. 

trunks  and  woody  branches  are  known  to  be  those  of  G 

characteristic  Uvn  u»aa  structure  of  the  woo<l 

-  880,  890,  page  888),  especially  the  diskJike  marldngi  on  Ion 


F"i     -      :..  ■■:.,.•      .|-   i-.mi    Pl.AXTI      J'lu. I'.  ,..].■.    !'(.Mr.||'.-     US    TriL-inu.    irjMin  ,-.[!••  \   * 

bOTTyi.   MB.  CMM10fMT>onl«ft«rHrwb«R7*ii<l  liitn-.ii,,    4GT,  Rh»b<li-*r|>.-ii  lafta  Xvntotfl 

Bnt  tho  loaves,  leafy  branches,  and  frnita  an-  fitill  more  inter, 
ami   -ii'iiiiii  :mi.     By  the  .-unly  of  these,  Carbonifi  ■-■  sem 

to  fall  naturally  into  two  groups,  viz.,  those  with  small,  spine-like 


PLAHTfl  OF  TnE  COAL. 


3G1 


lea-res  (Fig.  459),  reminding  na  of  tin-  yew  <>r  tin-  Anmoaria,  and  those 

with  broad,  .strap-shaped,  or  tongue-like  Letfflet,  with  parallel  or  rodiatcd 

venation,  like  that  fftronge,  broad-leaved  living 

Qinko  i  I).    One  of  the 

Boat  obaa  tii    of  Una 

p   is   the   Cordatte*.     All  patta  of  this 

urn;  so  that  wa  may  restore  it 

»iili  tifidenoe  (Fig-  488)i     Wt;  may 

branchless  trunk,  some- 

v  to  teventj  feel  bigh,  elothed  atop 

with  long,  strap-shaped  tearea  liki  .1  I'u  ■;>  i  i. 

ug  clusters  •>{  oat-like  traits.    Utn] 

aits  represented  in  the  flgares  on  the 

pronoun  pas;e  are  froni  this,  tree. 

Affinities  of  Carboniferous  Conifers.—' 

ifers  of  this  time  were  not  typical  Conifer*. 

-  i>f  true  cones  in  the  coal. 

AH  the  so-called  Conifers  of  that  time  bore 

.  ke  fruit*.     Now,  Conifers  of  t  bo 

i  il  the  broad-leaved  Qinko,  are 

tin-    iitiI;.    o&ea    flint   now   hear    fruit s   which 
might  l  with  these.    These  (Vm- 

fer*  litary  plum-like  fruits,  with  large,  nut-like  seeds  (Figs. 

■<>  bear  Boinewhiit  siniilur  fruit,     Tho  best 

illustration  from  the  yew  family  ia  the  California  nutmeg  (Torreya). 

;i  plum-like  fruit  about  the  size  of  a  large  plant,  villi  annt- 

ss  u  ] en-nut.     It  is,  therefore,  among  t ii ■  ■  yew  fam> 

(iiiikui  thai  we  must  seek  for  allies  of  tin.'  coal  Oeolfsn. 
in  fact,  nil  gnulationn  in  shape  of  tho  leaf  may  hr  traced  between 

t,  b)  and  Noggerathia,  of  the  Carbonifarou  (<-), 
and  Qinkophyllum  of  Permian  (//)  to  fiinko  (r,  f)  of  iwsic,  and 

•  »  e  d  /  f 


Flo.  M  ■  <t»tot»d  bj 

Dmbooj 


MS  —  r  .  <'.rl».r,lf.r.ii.;  .-,  N^jernilliix.  Par-boolf- 

CTiio*;  it,  Uinkiiplii  Hutu.  I'lTMiliin.  r.  UlnkO  iliiratata.  OOlttr;  /.  (imko  laiKilw.  U 

«bi-  present  time.    The  yew  family  and  the  Oinko  may  !*•  regarded  as 
most  generalized  of  Oonifers,  oonneoting  them  closely  with  the 
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Cyeail.s  «>n    the   nnc  hainl.  and    (lie  va.seulur  Cryptogams  OU   UlC  I 
Many  writers  ally  the  Cordaite*   and     NOggarathU  wttl,  I  '..-»]« 

instead  of  the  Conifers.     They  probably  connee; 
OymnospiTins. 

•■J.  Ferns.— I'Vvns  an;-  Qm  mo«l  abundant  planted  the  Goal  period, 
both  u  bo  Individuals  ami  m  to  variety  uf  qwIm.     \!".u:  one  third  to 

oik- half  of  all  the  known  epeeies  of  coal-plants,  both  in  this  country 
and  in  Europe,  belong  to  this   order.     They  represent   b  inSTJ 

forma,  i.  6.,  those  with  creeping  stems,  and  Tre<hr>,  -.  Hke  those  now 
growing  only  in  warm  latitudes  (Tig.  4 Tit).  They  are  known  to  ht 
ferns  by  their  large  e.ompli  \  i  ig.  471),  sometimes  six  to  e 

feet,  long;  by  the  diohotomow  venation  of  their  have*  (Fig, 
and  by  tin-  position  of  dn.-ir  organs  of  fraetiflcatii  n  the 

under-surfaces  of  the  tears*  (Figs.  476  and  477).  la  sorni  locafitisi 
these  Bpore-casea  are  so  abundant  that  the  coal  seems  to  be  ah 
wholly  made  up  of  them.  Tin-  trunks  of  Tree-ferns  nro  known  by  the 
large,  rugged, ovoid  marks  left  by  tin-  falling  of  the  frond*  (leaf-scare 
— Figs.  4S5  HJ7)i  end  1m  tin-  peculiar  arrangement  of  the  ratnilar 
1 1  -  -ii<-  in  the  cilliihir  in  the  cross-section.  Some  coal  Tree-ferns  bad 
their  large  frondi  in  two  rertieal  ranks  (Megaphyton— Fig.  171). 

;d  src. 

therefore.  unmistakably  Fenu, 

yet    beta 1 1 

features    whirh    I  :hora 

with  other  classes.      Carutltn 
5^™ 


)'!  I  < 


Vu     |;<I      l.ivin/Trv.'-IVr 


Tto.  471.  -Mora pbyton.  ■  Oo»l-PW» 
r«i.ifrJi.»Ju:r  Damon). 


thinks  that  he  fuels  in  the  internal  structure  of  the  stems  of  Tr 

of  the  Coal  two  type-  \vhi>-h  are  the  fore,' 

on  the  one  hand,  and  the  Dieotyls  on   tho  other;    and    that   th" 

they  are  probably  tho  pi  in,  not  only  of  t 

present  day,  but  also  of  the  Palms  aud  the  foliforous  Exog. 
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i  we  will  dificoai  mora  fully  for  two  reasons: 
First,  th.    '  ibably mottlj  highland  and  only 

found  their  w:i\  i-i!..  ilir  <,,:,i--^:i!ii;  Lfaetbrau 

down  liy  Creshota.    The*  Ferns,  formed  the  thiok  anderbraafa  af  the 
swarape.     Neither  of  these  contributed  •>  fSty  largo  share  to  the  m. 
rial  of  the  eoa  The  gn  <>f  the  coal-swam  i<  hit  b 

farmed  thehwgec  pertof  tin-  material  preserved  sacoal,  i  pido- 

dendrids.  SigillarUIt,  and  Calamity. 

Agai  en  and  Fonu  wen  nnmintaki  ifcrs  and 

Fen  ilj  with  ohaiMteTB  oonneetttig with  other  •  ■rdorg 

and  classes;  hut  i  orders  now  about  to  hi  uliinoso 


''frrA 


-Y-Oy* 


Fio.  47*. 


.- 


\: 


T:-^> 


Ft*. «»  Kia.  471.  Fio.  474.  Fie.  4T«_ 

rVj».4T»  4"*5.  —CoAV-Tuwm:  4T-.J  <•.]  i.  r|i  Stnngil 

IiTT«j*«T>  til ..     IT4.  Alcth'ipUn-  Mii"-ili'«il-  mfliT  I..-«|ii' r.nxi.     47Y  Mine  (iilawnl  tu 
•fcitw  ilKlH4'Jnir>u>  »fi.»li..n      ITU    N.  UttpUlfi  flviuou  fritter  Brongoiarlr. 


laractereof  w  rated  clones  thai  there  U 

some  douhi  e  teal  place.     For  that  wery  reason,  however,  tfcej 

are  neenb  'resting  to  the  evolutionist 
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riii.**.  Fi*.  1*7. 

IkgapfcjrtotX.  «  i  lafltr  ttewauui.    *C.  Iaul.,|.i«ri»  j.tiun>«,  ihowtng  LMf-SMM. 

3.  Lepidodondrids-  — Tii<.--$o  nro  so  called  from  Ehi  tyj.ieal  .. 

W  q  will  describe  only  this  jjoinig. 
idodcndrons  are  found  most   commonly  in  flattened  masses  rop- 
is  of  the  trunk  or  branches,  very  regnkrl]  marked  in 
rbomboidal  puttern,  and  modi  KwinhliiiL,'  1 1 1»- 
impression  of  the  Bcalj  surface  of  n  Ganoid 
ii--.li.     The  name  LepSdodendron  (scale 

i«  derived  from  this  ft-  t  (Figs,  489  to-HU). 
Those  marks  are  the  scare  of  the  rogulnrh  -in- 
ranged  and  crowded  leaves.  All  portions  of 
,  tho  roots,  the  trunk, 
the  branches,  the  leaves,  and  the  fruit,  bora 
been  found  in  abnndanoe.     From  then 

ti  appearance  of  tin-  -n  aj>- 

tuatcly  recor.  I  maud  in"1,  then,  a 

ir  feet  In  diameter  at  base,  forty 

nigh,  with  wide-spreading  roots, 

well  uriap  apport  on  a  swampy  Boil; 

the  ti  'ink  and  branches  regu- 

ked   in  rhomboids!  pattern,  n 

i  tho  t.  riding 

.   but    not    profusely,   into 
which  are  thickly  cloth  eale- 

I  ina-like,  or  needle-like  leaTea  1 1 

|, and  terminated  by  a  olnb-ahaped  extremity  (l 
■ad  496)  tike  the  terminal  cones  of  Rome  eonifen,  ox  BtUl 
like  (ha  dnb-flhaped  extremities  of  dub-xnoes  bnmohea-Kmd  we  will 
a  tolerably  correct  idea  of  the  Lcpidodendron. 


Flo.  «t.— RnHimli 
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found  in  groat  abundance,  am  1  la  own  under  the  name  of  Lepitfoalrobus 
I,  has  ehown  that   fchej  n  the  axils  of  ilu-ir  scales 

xport*  like  club  •  mosses, 
ami  not  seals  like  coni- 
fers. Alsso.likcclub-mo*!-  yJzLw1^ 
«.*,  thoro  are  in  those 
.  a  kinds  of  -inires* 
iM- 
sporc       I  i    would  again  c 

rs,       **"»  ** 
for  those  orgaua  may  bo  ♦«        xSftE?'  I  I  Tf^ 

the  **«- 
iiMMia  anil  pu:iu  of  ti 
planl 

tcrnal  an  i  in- 

florcacciii . .  th<  reforc,  in- 
i 
wii  strung     "sJw 

com-  iee. 

Tub  conolnaion  : 

lirt'ly  borne    out    by    the 

fig. 

is   an    ideal 

linalsec- 

of  a  Lep- 

ron.     It 

stom  consist*  of 

bark  or  rind,  y„  , ,,  .,,,  Mll...  „  ,,,,,„ 

iiu-lt.-ii •■•     i    "rent    rruutt  of         "•  -air- iniiu.-'-'!:  t  nteroapun 

..rial     UIU8BUI  »|h*Wi;   *,|#pM 

UC  or  ill-  B|»<«e»i  Hli aucnapona;  n,  m»cru«porv»'i»ticr  Holt 

r  of  which  runs  a  comparatively  .small  fihro- 
nr  cylinder,  with  very  dial  th.    Bundles  go  from  the  .  iytfn- 

«i(T  outward  to  Corn  the  venation  of 

Now,  thr  structure  of  a 

— r —  eluh-moai  is  almost  the  sama,  except 

r  ^  /^    that  the  libro-v.i  -olid, 

and  there  la,  therefore,  do  j>nh. 

c  in  lA-pidodendron  of  a  dis- 
tinct pith  is  an  important  chnractor, 
placini;  il  f.n  itliuxo  modern  Lyeoj>ods, 

;u h1  allying  it  most  decidedly  with  Ex- 
ogena. 


£ 


■V- 


Pi*.  «K-M<»i  Swllon  of    a   Uril.lM.lii> 
Iron  cylinder    .-. 

nmn  dark:  V,  rind;  r.  bwet  of  lt-*vc»; 
/.  VMOlUr  ttirt-ul*  c'nc  to  ilir  l> 


•  WHlkBtttD,  N'aturc,  vol.  viii,  p.  408- 
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4.  Sigillarids.  -  T\  lad   somis  of  this  family  ta 

rhea  i  I. .in-  :nr  i'.. nml.  tiki  riflir. miftlj ht flnttttnf it mwron. 

which  are  portion*  uf  trunks,  hut  hI.-<>  i  OMB,     The  trunk- 


al.. $01. 
i  i'  -    i""  '  •;     a ii    •    ■■'•   9  ■  ■■  irla  n  llcnli  toCafla  1     •  .>•  r  — ■  ■.    BOO   9    IB  I  I  B«l 

- iqlllarta  Ir  i  KH  *tf  illarta  olmvU*  Uflrr  1a—|U«i*»x)     M  Laat  (4 

Blglllaria  cteguu  (afl«*  l>»" 

impressions  B  iahed  from  those  of  Lepidodendrids  by  longi- 

tuiliiml  ribbings  nr  (lutings,  ornamented  with   BeaMiko  imprre 

:?<<l,    :l     |  Bl)|    I'"    VlT  I  ■   i|     Of 

their  leaves,  though  thej  leem  to  have  been  similar  to  those  of  Lepida- 
dandrorj  I  l-'i^.  :<v:i). 

The  bent  general  conception  wliich  wo  can  form  of  the  Sigillarm 
would  represent  it  &»  a  tall,  gently-tapering  trunk,  longitudinally  fluted 
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to 


^nva, 


•  » 


♦"•, 


•"• 


like  |  Corinthian  column,  and  ornamented  with  seal-like  impressions  in 

ratios]  ranks,  representing  the  phyllntnsi*;  nnbram  bed  at  else  dii 
ing  only  into  a  few  large  bmnchex,  elotln.l 
i.ly  with  long,  sni!i-!i,  tapering  Leaves 
Fn)m  the  base  of  the  trunk  extended  large) 
radiating  root-,  tamobjng  dichotomously  Bad 

sparsely,  with    many  huiL\   thread-like   root- 
lets penetrating  the  soil  below.    The  stumps 

18,  with  111'    ■ 

odingrootoand  thread- 
like a  p]  lendages,  are   very   common  in  11m 
ay,  mi' I  v.  i  to  be  a 

peculiar  plant,  and  called  Stigroaria,  on  nc- 

Bl  (if   tin-    rmiiiil    ■:  i  mi   theb    Fm  HN     si,L-m»ri»flcoiiW '."'■.. 

surf  a  They  art-  in  n  to 

ribands  and  Lcpidodendiids,and  art  cither  roota  or  spread- 
ing rhi/-  i  hr.uirln'-). 

In  tin-  ■  figure  (505),  taken  from  Dawson,  we  have  at- 

tempted to  realize  the  general  appearand     f  I  cMgQlaria.    Their  trunks 
wore  sometime*  oi  prodigious  length  and  diameter.  m-  prob- 

ably the  largest  trees  of  the  time.    In  a  coal-seam  En  Danphin  Coontgr, 
ranis,  Rattened  sterna  wire  {band  four  feet  nod  even  five  feet 
in  width.    Some  «>f  these  were  exposed  for  lifts  feet,  irith  but  little 
apparent  diminution.    One  was  exp  ixiy-flve  (eat, and  was  esti- 

ruated  to  have  extended  At  least  thirty  feet  more.     Another,  was  exposed 
seven ty  feet,  and  was  estimated   to   have   hern  eighty  to  0  Ired 

feet  when  growing.* 

The  ll  nrc  regarde<l  as  closely  allied  to  the  Lcpidodcndrids. 

Indeed,  the  two  families  shade  into  each  other  in  such  wise  that   there 
are  D  nora  the  position  of  which,  whether  in  the  one  family  or  in 

r,  iadoubtfaL  Tlie  typical  Sigtllaria,  bowerer,  diflen  in  gen- 
eral port  bora  the  typical  Lepidodendron,  chiefly  is  posneaiag  a  mora 
Palm-like,  (i.  ike,  or  Draoena»liko  stem.    Theg  are  evidently, 

like  the  Lepidodendri  to  Lynpodi,  bat  their  allianco 

with  higher  classes  is  even  stronger  than  that  of  Lepidodendrids. 

The  Internal  structure  of  the  stem  entire]}  oonflrnu  fcbii  eonoloaloo. 

ro8a-Bcctiori   (I  ;  '   506)  of  a  Sigillaria-stcm  shows  a  hard  external 

rind,  o\  inolodng  »  great  mw»  of  loose,  oeUalax  tlssna  (inner  bark), 

mgb  the  center  of  which  runs  a  comparatively  small  woody 

iui.1  in  the  center  of  this  again  a  large  pith,  a  a.     From 

the  woody  cylinder  go  bundles  of  tibro- vascular  tissue,//,  through  the 

cellular  tissue  of  the  inner  bark,  to  the  leaves,  e  e.    Thus  far  the  ile- 


•  Tavler,  Suibtlo*  of  Coal,  pp.  HO,  150;  Williamson,  Nalur*,  vol.  vlil,  p.  4<7. 
-I 
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acription  ia  like  the  Lepidodendron.  •■  Under  is 

IfXgM  will  thicker;   but  closer  examination  shows,  in  additi 

wood}  i->  1  i  iiili-i-  *i i  v i«: ! 

WtdffBt  bj   maluU/trtj    ntir 

truo  exogenous  style,  kbo 
mn.-<  atrio  ringi  ohan 
BjCOgetu  are  wanting.     Still  cloeer 
"iiL  ill' 
IWI  ft  tmt  t/t/,, 
.sue  (page  328,  Figa.  389   to  3'.']), 
both  oo  cross  and  loDgitodiaal  *«- 

tion.     Now,  then  i=  no  plant  li 

which  combines   gymnospaniii 

tissue  with  a  general  stem-structure 
at  all  similar 

(Cyeas.  Zinnia,  etc.).      I  -*ke 

of  comparison,  wa  bare  given  (Kg. 
,  i  a  croea-  peas; 

the  letters  represent  the  same  as  in 
the  pravioaa  Ogam.    There  can  be 

no.B05.-He.t..r»llonof8lelllMl*.b,D.«>.„1.      Illp  .,,,.,  ,,,;l  „],,   ,,,,,!„,    therefnf. 

the  close  alliance  of  the  »v'  with  thti  But  their  clow 

connection  with  Lopido<L'ndrids  shows  an  equally  close,  or  cloaer,  alii- 


?S3 


f-_ 


•-_._ 


££ 


Km.  :m\.— iiirjii  sri  i  .ii  ..r  n  SlgUUria-SUan:  .1  plUii 
A.  woody  cylinder:  c.  Inner  baric:  J.  rind:  «.  Mia* 
of  leaves;  r*i  VMCIllal  Unread  running  l'.i  ill t- 
lcaves;  (r,  medullary  raya. 


-■     ■ 


no  m  -o**8*cUot,  of 

Sl.mof  Oyraa. 


aneo  with  Lyoopoda.  80  thoroughly  »ro  they  a  rjouneoting  type  that 
some  paleontological  botanists  (Dawson)  regard  them  as  Cyeail*  witli 
strong  LjCOpod  affinities,  while  most  regard  them  as  Lycopods  with 
strong  Cycad  affinities.  Recent  investigation*  seem  to  substantiate  the 
latter  view;  tor,  in  connection  with  SigUlarin,  inflorescence  simil> 
that  of  Lepidodendrons,  and  containing  spores,  have  been  at  la^t  ton 
B.  Calami  tes.— These  are  plants  ha  vine;  long,  slender,  tapering,  m-d- 


*  Amities  des  Science*  noianique*.  toI.  ilx,  p.  1508,  1884. 
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)ik«  stems,  joints  and  hollow,  or  ekowith  large  pith.  Tho  exterior 
mirface  of  1 1 1 «•  sIotii  i.-  lim-lv  striated  or  fluted,  but  tin-  Btriffl  arc  Dot  con- 
tinuous nor  marked  villi  leaf- scars like  the  flntinga  of  the  Sigillaria,  but 

are  interrupted  at  tlie  joint* 
in    tin    in.it. him    shown   in 
Figs.  606  nml  509.     41 
joints  tn  attached  in  whorls 

the  leaves,  which  are  either 

icala-like,  or  8trap4iko,  or 

thread- like.    Sometimes  at 

'"into  of  the  main  item 

oome  tint  in  irhorU  Ehread- 
like,  jointed  I  bear- 

ing .-•  or  llircad-like 


)•„..  BBS 


in  m 


no.  mo. 


Pio.  Ml. 


l-'i..    Ill 


Pui*.  SBS-Ata — Cai.AWITX*  AWI»THKllt  Air.iK»:    Vift.   T-mM-r  Bm   ftf  Sdiu   of  PalmnltrM  from  N<>*» 
uf    Sic  :n    .if    f"»lntllill-«   «  »nli  I 

ill      V.  I.nijilijlliliii  ft.lioou*,  KngUuU  <ttflcl    !  '.Vi.  Annularis  in 

»*tt(»ftrr  I^»i|ii 

leaves.    At  the  lower  end  of  tho  stem,  the  joints  grow  rapidly  smaller 
ami  shorter.  mioal.      From    thOM   Short,    IBpJdll 

tapering  j on:  ■  n t  the  fhrm<Ulike  roots.    Tin    item  was  termi- 

nated abort  with  u  cone-like  fruit  (Fig.  513). 

What  I  have  mid  thos  far  applies  word  for  word  to  Eqniseto;  hut 
iaeta?  of  the  present  day  are  small,  rush-like  plants,  never  onooh 
ker  than  :,  and  seldom  more  than  three  or  four  feet   I 

although  in  South  America  (Caracas)  they  grow  thirty  feet  high,  but 
lender;  while  Catamites  were  eeitaiuly  two  feet  or  moro  in 
diameter,  anil  thirty  fjeel   high.     Fig.  514  is  an  attempt  toreconsti 
the  gsneral  appearance  of  a  Calami  te  by  Dawson. 

The  internal  structure  of  CalamitOB  still  further  removes  them  from 
isetse;  for  they  seem  to  have  had  (some  of  tlutn,  at  least)  a  thick. 
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woody  eyl  index  of  exogenous  structure  and  gymttMjMrmoiM  /<*«««. 
if,  as  Williamson  lapposes,*  in.iiiv  uf  tho  striated  Job  ms  called 

(  il.nniii  -  u ilv  oasl  ■  of  the  pith,  the 

.is  must  ha     bee  i    ran  much  l. 
than  stated  ab  i 

Thus,   i-  I.,  pidodendridi 
Lyoopoda  wi 
Bonaeotod    Lycopoda  with   Oyonds,  «o 

i  connected  EonJaatmwith  Conifanv 

General  Conclusion.— Tin 
Whiofa  we  draw  from  thi3  em 
of  Coal  plants  is:  1.  That  th> 
to  the  highest  Cryptogams  isco- 

lur  Oryptogams,  and  the  lowest  Phaeno- 

gams,  viz..  i.yiiiii(i-|i.Tirin;  2.  Thai 

wera  intermo  tab     " ;  "■  ten  th«w  now 

wideiy*separated  elastics,  and  conm 

them  do  *her.    These  fact*  are 

strictly   In    seaardanee   with    the    law 

already  Minionm-ed  (page  344  I.  vis.  tli.u 
In.   .ill- Fnilt    Tut.   &M.— Kntrmlmi  -  *    p. 

of  calamiie         of •  Oftlamit* (titer   t lie  earliest  repreei mtatlTCS  of  aiiv  OttSi 

laflrr  Hern.  D»w»iiiij.  r 

or  order  am  noi  tiivcs 

of  that  olaSB  OT  order,  hut  eonneotillg  Or  eomjuuhi  — thuL  ia, 

types  which,  along  with  their  distiaotivc  olassia  or  ordinal  eharacter, 
united  others  which  oonne<-t-'d  tli-.-iii  \u;h  other  classos  or  orders. 
Thua  the  now  widely-separated  classes  anil  order.-*  ol 

ill  baokward,  in  time  approach  each  other  more  and  inon\ 
probably  unita  In  one  common  stem,  although  we  are  seldom  al 
find  the  polnl   of  actual  union.    Thus,  In  this  case,  the  now  *' 
separated   Cryptogams  ami    Phaanogams,  when  braced  backi 
proarh  until  in  the  Ooal  they  are  nearly,  if   not  completely,  m 
'I'll  ■■  o*  |  ani   kingdom  may  be  compared  to  n  treo  whose  trunk  i 
bly  bo  be  found,  if  found  at  all,  in  the  lowest  strata  :  its  mala  branHioe 
begin  to  separata  iii  the  Palaeozoic,  the  secondary  branches  in  the  Mes- 

io,  and  so  the  branching  continues  until  the  extreme  ramification, 
but  also  the  Bower  and  fruit,  are  found  in  I  be  fauna  and  flora  of 

present    day.      The    duly    of    the    evolutionist    is    to    trace   each    b 

to  iLs  fellow-bough,  und  each  branch  to  its  fellow-branch,  and  that 

gradually  to  reconstruct  this  tree  of  life,  and  determine  the  fact*  and 
growth. 


•  Natnrs,  to!,  viii.  \>.  4*r. 


let  wntdati  m  of  C'oaL 

here  u  no  aueenon  connected  with  the  I  'runs  period  con- 

ling  which  there  hat  bees  more  ruecnasioa  then  tin-  mode  in  which 
coal  haa  been  accumulate!.    Then  are  som  oul 

little  difference  of  opinion.    Then  we  wID  state  i 
and  tins  narrow  the  field  of  discussion. 

Presence  of  Water.— That  coal  has  beta  accamnlated  in.  the  pres- 
ence of  water, CT  at  lout  ol  abundant  iiioit-tiirc  is  evident  :  <r.  Ftod  Hu 
preservation  of  tin-  QTganla  matter.     By  aerial  decay  vegetable  matter 
■ .  ifly  OOBIOined,  or  elM  crumbles  into  iln.-l.     duly  in  tlie 

■  I  water  is  M  preserved  end  act  omolated  in  huge?  quant 
A.  T  -and  and  clays  ami  1  >i  eonr-e, 

been  deposited  like  nil  strata  in  water,     c.  The  coal  not  tin- 

frequently  distinctly  and  finelj  stratified.   <I.  The  plants  Found  in  con- 
nection with  the  oeel-seams  ere  mostly  ineh  ss  grow  In  moisl  ground. 

Tims  far,  then,  theoriste  agree,  bat  From  this  point  opinions  dhri 
and  until  recently  have  verj  widely  diverged^     Borne  bare  thongfat 
that  coal  hii-  dated  by  tlio  growth  of  plants  "in  #i7m,"  ng  in 

bogs  ami  peat-awamps  of  the  present  day.      Others  have  sup- 
posed that  it  haa  acoamalated  by  driftage  of  vegetable  matter  by  rivers-, 
•  found  at  the  mouths  of  great  rivers  of  the 
ing  to  the  one  riow,aooal-fean  is  an  ancienl  j  we  : 

according  t"  the  other,  it  Is  an  immense  buried  raft.    The  ta  •■  Ea   ailed 
the  *  Peat-bog  theory"  the  other)  the  Estuary  or  raft  theory. 

Recently,  boa  opinions  bare  converged  toward  ■ 

mon  belief.    We  will  not.  therefore,  dismiss  these  two  rival  tbeo- 

.  hut  simply  bring  out  whut  i.  iiin-t.  certain  in  Ulfl  present  views  on 

abject : 
l.  Qoal  hat  been  accumulated  $y  orowii  of  iea  in  eilUyiu 

1/19  of  thy  day.     I  i-  now  demonstr 

reasons  fur  believing  it  are  the  Following:  n.  The  purity  of 
The  coals  of  the  American  coal-fields  are,  with  Few  exceptional  abso- 
lutely pure,  i-  «■..  the  amonut  of  ash  is  not  greater  than  would  n 
from  the  ash  <>f  the  plant-*  of  which  it  \*  composed.     The  sain 

ooals  of  most  cxUMiMve.  eoal-fields  everywhere     N  i«   il  bai  already 
a  shown  (p.  143)  that  in  extensive  psat-ewampa,  like  the  Sreai  I»i-- 
mal  Swamp,  absolutely  pare  vegetable  aoonmnlations  unmixed  with 
sediment  occur ;  hut  in  boried  raftaer  drifted  vegetable  matter  ol 
kind  there  mast  bt  admixture  of  mad.    t,  Th>>  )>r 

tart*  of  the  plant  in  their  natural 
,-.     Large  Fronds  are  spread  oal  and  pressed  as  in  a 
botai  -barium.    1  Mien  to  leaves  are  preserved  with  all  their  finest 

•  •ion  perfectly  visible.    This  Is  exactly  what  we  wowtd  expect  if 
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lay  vhora  they  fell,  but  it,  b  InoompaHoh)  with  driftage  by  rapid 
onrenfca  bo  long  distances.    &  T7ie  position  of  these  pert- 
only  f  of  the  seam,  as  would  be  the  case  with 

(alien  leave-,  instead  nf  mixed  throughout  the  warn,  as  would  be 
case  with  drifted  matter.    (£  Tin:  prewar  of  stumps  Kith  thttr  .iprttul- 
ing  root*  j><  ■  WtdHH ''«,'/  exactly  ■,■<»:     This  is  uot 

an  occasional  phot tenon,  but  is  found  in  the  uuder-elay  of  nearly 

every  coal-seam       In  South  Wales  then  arc   LOO  Beams  of  coal,  ■ 

if  which  is  uii'icrlnt'l  by  clay  crowded  with  roots  and  sometimes 
with  stumps.  In  Nova  Scotia  there  are  seventy-six  seams,  tw.-nty  of 
which  have  erect  stumps  standing  in  their  original  position  with  spread* 
ing  roots  -rill  penetrating  the  undcr-clay.  The  other  Beams  have  each 
its  undcr-clay  tilled  with  stigmaria-roots.  Besides  these  seams  there  are 
|  dark  bands  (iliri-linl-.)  indicating  old  forest-grounda. 
The  following  miction  (Fig.  515)  shows  some  of  these  scams  and 
dirt-beds  or  forest-grounds,  with  penetrating  roota  aud  erect  trunks. 
Fig.  518  shows  an  area  of  about  one  quarter  acre  of  surface  of  the 

undcr-clay  of  an  English 
coal -wain  in  which  there 
are  seventy-three  stumps 

in  .situ.  This  last  eu- 
deoce  (d)  ii  demonstra- 
tive. Beneath  every  coal- 
wain  there  is  a  fossil  soil — 
an  ancient  forest-ground. 

BteapitulaHon.  —  We 

sum  up  the  evidence. 
and  at  the  same  time  make 
it  clearer,  by  describing  a 
section  of  a  peat-bog,  and  comparing  with  a  coul-seam.     In  such  a  *e> 
linn  m  haw  always  an  under-day,  on  which  accumulated  the  moisture, 
ami  mi  which  grew  the  original  tr.es  of  the  locality.     This  under-day 
is  often  full  of  roots  and  stumps  of  the  original  growth.    Above  Ihi 
a  fine,  structureless,  oarbonacooii*  mass,  corresponding  to   the  coal- 
seam.     On  this  are  the  last-fallen  leaves,  not  yet  disorganised, 
itni-growing  vegetation.     Now,  imagine  this  overwln 
by  mud  or  sand,  tho  whole  subjected  to  powerful  pressure,  aud  a  slow 
subsequent  process  of  bituminization ;  and  we  have  a  complete  rcpro- 
iliieLionof  the  phenomena  of  a  coal-seam  «  itli  its  accompanying  un 
day  filled  With  roots,  and    its  black  shale  Bllod  with  leaf  und  branrli 

Imprenions. 

%.  Cunt  hus  boen  acenmujalod  at  the  mouths  ofrivoro,  and  therefor* 
iu  localities  subjeei  to  floods  by  the  river  and  incursions  by  the  sea.  It 
is  otherwise  impossible  to  aoeonnt  for  the  clays  nnd  sands  (often  inclos- 


I  — Krecl  Foull  Tree*.  Coal-Mcawurcn,  No*»  S<otl». 
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log  drift-timber),  and  lilMatol  >>inrtilicd   with  the  coal.     The 

phenomena  of  an  individual  torn*  prove  Uu  fteeonraletion  by  povfti 

d   phe- 
nomena (if  a  anil -bust  it,  with 
iu  succession  of  -t 
that  this  took   place,  at,    tin; 
mouth*  u !'  Phot,  ili. 

field    of    discussion    is   nar- 
l    ••.!]',  small  limits. 

We  OOttomdO)  therefore, 
that  coal  has  been  accumu- 
lated in  Bxianriva  peat- 
swamps  at  the  mouths  of 
great  rivers,  and  ih.-n  f..r. 
subject  to  occasional  (bind- 
ings by  the  river  and  inun- 
dations by  the  soa.  That  pun  peat  may  accumulate  under  these  cir- 
cuimrtaucCB,  is  sutlieicntly  jh-ovimI  by  the  fai't  mentioned  liy  l.vcll.  that 
over  large  tracts  of  ground  in  the  rivSMWUBp  and  delta  of  the  Missia- 
■  .!  il  DO*  f'iniiiii  '.  in  spite  of  the  annual  Hoods;  tin-  sedi- 
ments being  all  stopped  by  the  thick  jungle-growth  surrounding  these 
spots,  and  deposited  on  the  margins,  while  only  pan  water  reaches  the 
i  ir  iKirtiona.* 

Itut  if  coal  bos  indeed  been  formed  at  the  mouths  of  great  rivers,  wc 
ought  to  find  at  least  something  analogous  to  t  OOal  Bold  in  sections  of 
great  river-deltas.  And  so.  indeed,  we  do.  We  have  seen  (p.  l'M">)  that 
•  great  riMT-.l.-liii.  like  Unit,  of  the  Mississippi  <>r  t In-  QttBgOS,  ■:oii.-i>ta 
of  alternate  layers  of  riTOr-aodimeni.-;  (sand*  n 

menu  (limestones)  with  thin  layers  of  peaty  matter,  and  old  forast- 
gronnds  with  stumps  and  roots.  It  is,  in  other  words,  a  coal-field, 
though  an  imperfect  one,  in  the  process  of  formation.  It  will  be  re- 
membered, also,  that  we  accounted  for  this  alternation,  not  by  oscilla- 
tions, but  by  the  operation  of  two  opposing  forees,  one  depressing  (sub- 
sidence), the  other  ap-building  (rhw-depo.-iti,  with  varying  succces. 
n  the  np-btrilding  by  riTOr-depont  prevailed,  the  :irea  was  reclaimed, 
and  became  <  ih  thick  jungle  vegetation;  when  the  subsidence 

prevailed,  it  was  again  covered   with  water,  and  buried  in  river-sedi- 
ments, etc,     Efoi 'and  then,  when  the  subsidence  was  onnsnally  great, 
tho  sen  invaded  the  same  area,  and  limestone  was  formed.     It  is  sub- 
tly in  this  way  that  coal-fields  were  probably  formed. 

Application  of  the  Theory  to  the  American  Coal  Fields  I  a  Appala- 
chian Coal-Field.-   A  _-  ..m.  .■  at  the  map  (p.  261)  will  show  that,  during 
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Carboniferous  times?, there  was  high  the  north, cut,  and  w< 

this  Bald, and  the  black  una,  rofnweating  tho  Coal-measures,  was  then  a 
trough,  into  which,  therefore,  drained  rivers  from  every  side  except  the 
i.  This  trough  was  BOZnetiuiei  a  coal-uwaiup,  sometime*  a  lake 
on  ptj  ing  southward,  sometimes  BO  arm  of  the  sea  connecting  With 
ocean  southward.  When  it  was  a  coal -march,  a  coal-seam  was  formed; 
when  a  hike,  Hand*  ami  clays  WOW  deposited  hy  the  rivers;  when  an 
arm  of  the  sea,  marine  deposits — limestones — were  formed. 

This  alternation  of  conditions  we  explain  as  follows:  There  wen 
th ice  forces  at  work  on  this  area:  1.  A  general  continental  up/ieacal. 
art'-ctiiiK  this  along  with  all  other  parts  of  the  coiitincut ;  1.  An  up- 
/■iiiiiiimj  hy  sedimentary  deposit.   3.  A  local  tub»  The  evidence 

of  all  these  is  complete.  The  continental  upheaval.  M  we  have  already 
seen,  was  unceasing  throughout  tho  previous  periods,  and,  as  we  shall 
.-.•<•,  .■ontmiicd  throughout  the  lubeeq D ■■W.  period*  The  ujv-biiiHing bj 
sediments  and  the  pari  passu  subsidence  are  as  cleuiU  marked  :is  in 
delta*  of  lay,  In  if/iurt-nutrL-n,  hy  shaliotc-waitr  fossils,  and 

especial!)  \>y  fortsl-groumls  repeated  through  several  thousand  fev 
vertical  tfaiokneaa.    The  e  of.  these  three  forces,  thereto 

not  a  doubtful  hypothesis.     Now.  the  first  two  would   lend  to  red 
(he   third    to   sulimenje,   the   nrcu.     When  the  reclaiming  forces   1'"- 
dominated,  the  area  became  swamp-land,  and  COTered  with  coal  vegeta- 
tion,ami  tin'  river-water,  strained  through  the  thick  growth, slowly  wont 
southward   hy  a  kind  of  seepage.     Winn   tin-  Mihmciginn    forces  pre- 
dominated.,  the  area  hc-ainc  I  lake,  ami    godimOPfal    in  great  quantities 
were  brought  down  by  the  riven.     It  is  possible,  perhajvs  probable, 
correlative  with  the  more  rapid  local  subsidence  which  formed  tin 
there  was  also  a  more  rapid  elevation  of  the  high  lands  on  all  EBi 
ducing  more  torrential  river-currents  and  greater  sedimentary  deposits. 
Now  and  then,  at  long  intervals,  the  subsidence  would  bring  the  ares 
below  sea-level,  and  would  thus  form  an  interior  sea, or  mediterranean. 
During  such  times,  limestones  would  be  formed,  and  marine  animals 
would  be  imbedded  as  fossils. 

b.  Western  Coal-Fields. — The  Central  and  Wetiern  ooeUfieldt 
be  regarded  BBOfie,  having  been  Bubseqnently  separated  by  denudati 

i  lv  extensive  Held  may  have  been,like  the  Appalachian,a 

hollow  surrounded  on  all  sides  hy  bighet  laud.      If  SO,  eru  land 

has  since  been  submerged-  and  covered  by  more  recent  deposit*.    I 
may  have-  been  un  extensive  jungly  flat,  bordering  a  western  sea,  tic 
many  small  rivers  with  inosculating  deltas,  flowing  westward  u 
ing  through  the  thick,  marshy  vegetation.    There  were  here  far  le*» 
meohanioal    sediments,  because  less   high   land,  and   far  more   ml 

.    ,  '■;■■-.!■.       rii.ie  w.i :  .i  larger  and  ojMMicr  sea;  but,  in  Other  f* 
spects,  the  process  m«y  be  regarded  us  similar. 
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Appalachian  Revolution. — This  state  of  and  incertitude 

was  cut  short  by  the  Appalachian  revolution.    At  the  end  of  tin.'  «  iul 

iod,  the  ndimimts  whioh  had  been  eo  long  eoeuminating  in  the 
Appalacl  '  m,  until  tbfir  aggregate  tluoknaa  had  not 

'i  ftvi.  ill   i.1-1    '.  irlih'i.l  to  Ill'-  horizontal  preifsure   produced  by  m 
IT OOUtraction  of  tin-  earth  (p.  2ii.T),und  were  crumpled,  and  musht-d. 

and  I  the  Lppalachbu)  chain.    At  the  same  time  the 

i- swamps  were  upheaved  sufficiently  to  baoome  permanent 
dry  land.  Thia  revolution  closed  the  Carboniferous  age  und  the 
Fatoozoio  era. 

Battmctft  nf  Timt. 

We  liavf  Hid  (p.  878)  that  it  is  important  that  the  mind  become 
ixed  with               a  of  the  immense  time  necessary  to  explain 
geological  phenomena.     We  therefore  emhrace  this  opportunity  to 
make  a  rough  estimate  of  the  <  n:il  pcrind.    The  estimate  may  be  made 
either  by  taking  the  whole  am<uini  of  COal  in  a  roal-liehl  :i<  the  thing  to 
be  measured,  and  the  ntt  ti  winch  vigorous  vegetation  now  makes  or- 
ganic matter  aa  the  meaturing4<od  |  or  else  bj  taking  the  whole  amount 
of  *•                in  a  coal-basin  as  the  thing  n>  I*.-  inea.»ured,  ami  ihe 
of  accumulation  of                   -  by  large  rivers  as  the  measuring-mil, 
•..  I'.nii.  i'i  ingh  the  I  itter  b  probably  tho  more  reliable : 
I.  From  Aggregate  Amount  of  Coal.— A  vigorous  vegetation— w, 
example, an  average  Sold  i  rop  or  i  thick  forest — makes  about  8,000 
pounds  of  dried  organic  matter  pti  innum  pel  BOTfr,  01  800,000  DOS 
nr  LOO  bona  per  oentory.*    Km  100  tone  of  vegetable  matter  pressed 
to  the  epeoiflo  gravity  of  ooal  (1*4),  and  spread  over  an  acre,  vrouH  make 
u  layer  leaa  than  two  thirdfl  of  an  imh  in  thickness.     But,  according 
to  Bisobof,  vegetable  matter  in  changing  i al  loses,  on  en  average, 

four  fifths  of  its  weight  by  (lie  o.m  ape  of  CO.,  CH„  and   II,<>  (p.  81 

only  one  fifth  remaining.    Therefore,  vigorous  vegetation  tl  present 

could  make  0  t  one  eighth  of  an  inch  of  coal,  specific  gtai 

It,    m        •!    iiv.     To  make  a  layer  one  font  thick  wonM  require  nearly 
Hut  the  aggregate  thickness  in  some  coal-basins  i- 

(p.  850).     This  would  tvaiii.— the  for- 

OOfiOO,  the  lata  t  2,400^)00  yearn    [t  hi  paobaUi .  however, 

that  ooal  hi  was  more  vigorous  than  the  present  vegetation. 

Our  nieusuringio.l  may  be  too  short;  we  will  try  the  other  method: 

'-'  From  Amount  of  Sediment. — We  nr.<  indebted   to  sir  Charles 

II  for  the  following  estimate  of  the  time  Deceesarj  bo  accumulate 

the  Nora  8cotia  Goal-measures.    This  coal-field  is  seh 

evidences  of  river-sedimenta  at  tear  throt  The  area  of 


*  Beeent  rsmsivIim  ccm«W*i»t>!j  locrene  thaar  number*. 
1077. 
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this  coal*  basin  is  given  on  page  350  as  18,000  square  miles;  but  (lie 
iiiiiitily  in  i  - 1  j:  1 1--.  t>  ■  t .  - 1-  of  portions  now  widely  aeparat.  I  bj  MM — e.g., 
on  PlUKM  Kdward's  Island,  Cape  Breton,  Magdalen  l>l;i-ni,.i,-. — plainly 
shows  that  ull   these  arc  parts  of  one  original  field,  which  could  not 

1-icon  1<  i".,( II 10  aqntn  miles.     The  thickness  at  Bo 

gins  is  13,000  feet.     At  Piclun,  LOO  miles  distant,  it.  is  nearly  as  great 
Wi  aha!]  ..-rtainly  not  err  on  tho  side  of  excess,  therefore,  if  we  take 
overage  thickness  over  the  whole  area  as  7,500  feet.     This  would 
tli«*  cubic  I'liiiti-nu  of  the  original  delta  deposit  as  ul  n>0  cubic 

miles.  Now,  tin-  IQarisaippi  l^vi-r,  according  to  Humphrey  and  Abbot, 
carries  to  its  delta  annually  sediment  enough  to  cover  a  square  mile 
268  feet  deep,  or  nearly  exactly  one  twentieth  of  a  cubic  mile.  There- 
fore, to  accumulate  the  mass  of  sediment  mentioned  above  would  take 
the  BDadfiaippi  about  1,000,000  years. 

It  may  be  objocteii  bo  thil  QfJuttate  that  it  is  fouuded  on  a  pai 
lar  theory  of  the  aecuinulation  of  the  ('uul-measures.     'I  t  to 

thia  is  plain.     Any  other  mode  would  only  extend  the  time,  for  I 
m  ul.'  i-  j  ■  i  -  - :  *  -   rapid   (ii.ui  any  other.     Agnin.it   mi]  Im   objected    tlwl 
we  have  evidence  of  n  very  rapid  accumulation  in  stumps  and  log* 
erect  trunk-,  either  bituminizod  or  petrified, and  whii.li,  therefore,  most 
have  1  > i -■*  n  completely  buried  before  they  could  decay.     The  amwor is, 
that  these  are  only  examples  of  local  rapid  deposit,  and  do  not  at  all 
affect  the  general  result.     Precisely  the  same  happene  now  in  n 
ilili  II.     A  u' .  i  i  n .  it  in;t\  be  nbjcctud  tliut  the  agencies  of  Nature  were  far 
more  energetic  then,  thun  now.     Thia  objection  has  already  beeu  an- 
swered on  page  -i', 

We,  therefore,  return  to  our  estimate  with  increased  confidence 
that  it  id  far  within   limits.     But   the  Goal   period,  as  already  said  (p. 

346),  is  not  more  than  one  thirtieth  of  the  ntorded  hi  the 

earth;  beyond  which,  again,  lies  the  infinite  abytx  of  the  unrecorded. 

Physical  Geography  and  Climate  of  the  Coal  Pm 

Physical  Geography .— I  n  the  eastern  part  of  the  American1 
Dent  the  area  of  land  dining  this  period  is  approximately  shown  in  the 
map  (p.  l!!M ).  It  included  the  L aiireiit'uin,  the  Silurian,  and  Iicnnian 
areas,  during  the  whole  age.  In  tho  sub-Carboniferous  period  the  sub- 
Carboniferous  ami  ■ .'nboniferous  areas  were  covered  by  the  sea,  be 
the  Garboniforoas  period  proper  the  snli-OarboniferocM  area  was  land, 
ih.  i '.rhonifcrous  area,  as  already  seen,  was  in  an  uncertain  state, 
sometimes  above  and  sometimes  below  the  sea-level.  It  is  probabls, 
;i!-.i.  that  the  Eastern  border-land  extended  then  rani  i  the  line 

of  the  Tertiary  deposits  (see  map.  p.  201),  and  even  beyond  the  pp 
coast-line  (see  map,  Fig.  266),  and  was  portly  submerged  in  the  eleva- 
tion of  the  Appalachian  chain,  at  the  end  of  the  I  'oal  period. 
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Iii  the  Eta  kf  Mountain  region  there  were  considerable  bodies  of 
land,  mainly  in  the  liasin  region,  but  their  limits  are  not  accurately 

Again,  it  is  almost,  certain  that,  all   the  lands  were  comparatively 

low.     None  of  the  great  mountain-chains  of  the  continent,  were  yet 

It  is  also  ptobftblt  tluit  the  BUM  wai  true  Of  tin-  other  eonti- 

il  the  high  mountain  .chain-  Iff  move  N09&1  in 

•  origin,  <>r  else  in  their  principal  growth.  In  general  terms,  tln'i  1, 
the  lands  vera  smaller  and   lower,  und   tlie  conditions  more   oceanic, 

:  at  present. 

Climate. — The  climate  of  the  Coal  period  was  undoubtedly  charac- 
terized by  greater  wai-mth,  humidify,  uni/oniiiltf,  and  a  more  highly 
rnrlmnnlrd  mmliilmi  of  the  Btmosphi -re,  than  DOM  uhtniri.  tfott  of 
these  characteristics,  if  not  all,  are  indicated  by  the  nature  of  the  vege- 
tation : 

1.  The  warmth  is  shown  by  the  existence  of  a  tropical  or  ultra- 
tropical  vegetation.  Of  the  present  flora  of  Great  Britain  about  one 
thirty- tif th  are  Ferns,  and  none  of  these  Tree-fern*.  Of  the  Coal  flora 
treat  Britain  about  one  half  tran  1-Vnm,  and  many  of  those-  Tree- 

•  At  prawn!  In  all  ESoropi  then  are  not  more  than  rixtv  known 
species  of  Fens:  in  Kuropea  1  ul-meaaurea  there  are  nearly  BIO4 
specie?,  and  these  are  certainly  hut  a  fraction  of  the  actual  mimher 
then  existing-     Thai    thi*  indicates  a  tropical  climate  is  shown  by  the 

liar  oat  of  1,500  species  of  living  Ferns  known  twenty  years  ago> 

•".  --r  four  fifths,  were  troj.i  -.     The  number  of  known  liv- 

N  DOW  about  -'(.non.t  lint  thfl  jinijiDrtion  of  tropical  species  is 

bably  the  Bame,    Even  in  the  tropic*!  however,  the.  proportion 

of   1  far  less   than  in   Great   Hritain   during   the  Coal  period. 

Again,  Tree-ferns,  arborescent  Lyeopoda.  Cyeads,  and  Arunctirian  Coni- 
fer*, are  now  wholly  confined  to  tropical  or  fiili-tropical  regions.  The 
prevalence  of  these  tropical   families  and  their  inflBMu  >  Compared 

with   their  congeners  of  the  present,  day,  would  seem  to  indicate  not 
tropical  but  M//m-tropical  conditions.     And  these  conditions  pre- 
vailed not  onlyin  the  I'nited  Status  and  Europe,  but  northward 

polar  regions :  for  in  Melinite  bland,  HP  'th  lnlilueU^L.,1  sr 

brrgrH,'.'.  north  latitude, have  loen  /am  intta  amiainino 

Trm-j  antic  Lgcopods,  CalamltM,  etc. 

lily  i.»  indicated  bj  the  feet  that  Tree-ferns  and  arbo- 
rescent Lycopod*  are  most  abundant  now  on  inlands  in  the  midst  of  the 
id  further  by  the  great  extent  of  the  Coal  swamps,  and  par- 
ty the  general  euccuUnce  of,  or  the  predominance  of  cellular 
the  plants  of  that  period. 


*  Lctqucrevx. 
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3.  The  uniformity  is  proved   le,   Hie  greMt  rcacmb!  I  often 
identity  of  the  specie*  In  the  m-^t  widely-separated  region*.    At 
i'iL-  to  I                   ."in  oi  i;;i    Lmerii-an  ami  440  Kuropenn  species.  L78 

Dinnioii,  and  the  remainder  far  less  diverse  iu  character  than  tl« 
species  of  tho  two  Bone  el  present.    Again,  in  all  humid'-,-,  from  Uk 

teopioa  to  n>"  north  latitat  tuilar.     E 

uniformity  of  vegetation  ihowa  i  remarkable  uniformity  of  olia 
From  the  earliest  times  until  the  present  there  has  been  prob;d 
gradual  OM.iluttOn  Of  continents — a  gradual  differentiation  of  lnn>l 
water,  a  consequent   differentiation  of  climates,  and    i 
rl  i lTi-i-i  Tit  iat ii >n  nf  faunas  and  Boi 

4.  The  earbmattd  OondiHon  oi  the  atmosphere  is  proved  bj 
large  naotitj  of  carbon  laid  op  ha  the  form  of  cost,  the  whole  oi  «rl 
eras  withdrawn  from  the  atmosphere  in  the  form  of 

is  also  indicated  by  tin-  nature  and  the  Inxariaaoe  of  the  vegets 
The  proportion  of  C&rbonic  Bdd  lo  the  atmosphere  is  now  about  J/}  per 
cent  (jjiVir)-     Now,  since  carbonic  ai  id  ii  the  necessary  food  of  pia 
it  is  natural  to  <\|""i-i  i  h.ir  up  to  a  certain  limit  the  increase  of  a  b 
I'ii'.-ric  carbonic  acid  would  increase  the  luxuriance  of  vegetation. 
1'iriini'Htf.  by  Paubeiiy*  prove  that  this  is  true  especially  j't>r  vafcnlat 
:  logiim*. 

We  may  therefore  pictaretooaroelveetheclhnai  period  u 

uniform,  stagnant  (for  currents  of  air  are  determined  hj 
difference  of  temperature),  and  stifling,  from  the  abandani  book 

acid.     Such   physical   conditions  arc  extremely  favorable  to  vegetal 
but  unfavorable  to  the  higher  forms  of  animal  Ufa. 

Cause  of  this  Climate. — The  moitturs  and  un 
necessary  result  of  the  phynoal  geography  alree  They  were 

dne  to  the  aide  extent  of  ocean  and  the  absence  of  large  continents  ami 

high  mountains.     High  mountain*  an   tin    precipitating   ,  n    d  t -3  for  the 
atmosphere     points    through   whioh   it    discharges    its    sujHTaburi 
inoUture.     As  these  did  not  exist,  the  atmosphere  was  always  highly 
charged.    The  prevalence  of  the  ocean  also,  as  is  well  toons  o,  produce! 
uniformity. 

The  greater  warmth  of  high  latitudes  is  partly  explained  by  the 
WHtybNnity.  I'ut  I  icre  U  gooil  reason  to  believe  that  there  want  thrti 
a  higher  bison  iampsratun  than  now  exists.  This  was  probablv  dne  to 
the  constitution  of  the  atmosphere.    This  may  be  shown  as  folio 

The  Boifaos-temparatarc  of  the  earth  is  now  almost  wholly  dne  tt 
external,  not  to  internal  causes.    It  has  been  calculated  that  only  em 
twentieth  of  a  degree  Fahr.  is  now  due  to  the  latter  00080.      In  ^ 
downward  the  heal  increases  about  1°  Fahr.  for  oven   v 
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■  nal  heal  fur  even- 50  feel  <-f  depth  increases  twenty  I  h 
-iirface-temperatiirc,  BO  fur  us  thi*  i.«  due  tQ  ii\i<  rual  causes. 
it  has  hoi  '  .       -i*i.-i-  ini'l   II . .( ■  k i ii -   that  tiir  NM1 

be  tin-  snrfaoi ktemperatore  from  Interna]  oaoiee.    E  * 

example,  if  the  BurfaOS-fc gnperataH  from  internal  causes  be  1",  then 

r  I  |iliih    mi  linr  honf  wnnlrl  innrnatin  W     If  tin- 

aaurtsee-temperatare  t i  internal  causes  bo  10°,  then  for  i  bet 

of  depth  rior  heat  would  increase  80CP— ■ a  exmditloa  <>r  things 

isiate&l  with  the  growth  of  plain.-,  since  ell  the  springs 
We  ran  not,  therefore,  tttrlbute,  as  many  have 
.  even  a  few  degrees'  increase  of  nn-:«ii  temperature  toeua.-rs  in- 
terior to  I  h,     In  hot,  it.  Beema  eintosl  certain  that  during  the 
le  recorded  history  of  the  earth,  i  c.,  during  the  tune  it  has  been 
I   by  organisms,  the  BOrfaoe-tamperataxe  of  the  earth  hue 
beuu  almost  wholly  doe  lo  external  causes.     Now.  the  composition 
phere  is  an  externa]  cause,  which  greatly  effects  the  »ur- 

tnre,  but  whieh    baa    hitherto  I "  almost  wholly  neg- 

n.L'li  explanation  of  this  point  will  require  soinu  dh> 
cushion  of  the  prepartiea  of  transparent  media  In  relation  to  light  end 

Many  bodies  which  are  transparent  to  light  are  opaque  to  heat. 
Bach  bodies^  however,  will  freely  transmit  heat,  if  the  heat  he  BOOOm- 
panieil  with  intense  light.  It  is  as  if  the  light  carried  the  beat  through 
with  it.    Heat  thus  associated  with  light  la  BometUnea  Billed  fight-A 

while  that  which  is  not  thus  SBMciated   i.«  railed  dark  Unit.      Now,  the 
bodied  spoken  of  ere  In  ui  to  light-heat,  bat  opaque  to  dark  heat. 

Glass  ia  such  a  body,    if  a  pano  of  glass  be  held  between  the  Emm  and 

the  heat  passes  freely  and  bums  the  face,  but  the  same  pane 

would  act  as  a  partial  screen  before  a  flrt,  and  as.  a  perfect  screen  be- 

i  hot.  Kilt  not  inciindt  -<  bull. 

i         in  this  way  we  explain   tin    [act   that  a  glass  greenhouse, 

i'i  the  Deadest  Bonshiny  winter*a  day,  becomes  inanpnoctahly  warm  if 

shut  up.     The  sun-light  and    !  freely  thrOOgh   the  glaBBj  arid 

heat  the  ground, the  benches, the  flower-pots;  but.  the  light-heat  there- 
by becom*  ted  into  dark  heat, and  thus  is  fmpri*on*d  within.* 

'h  and  its  atnnnsphtn  are  such  a  i;remhau*r.     The  light- 
heat  pessee  readily  through,  wanna  the  ground,  changes  into  dark  heat, 
and  is  in  a  maasnre  imprisoned  by  the  partial  opacity  of  the  atmosphere 
Ind  of  beat    The  atmosphere  la  a  kin. I  of  blanket  put  about 
the  earth  t>>  keep  it  warm.     So   much   has  long  beon  recognized.     But 


•  <»n   Mootit   Whidii  y,  in    tlir  minthinr.  Lnti^lcr  got,  in  a  box  corrred  willi  glftM,  ft 
tanpermture  «f  234'  fotir.  or  1 IW  C,  white  in  the  shade  of  tin-  Opm  »ir  tbe  temperttura 

•UOIlK 
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Tymlnll  hiia  shown*  that   tin-  property  of  opacity  to  ilurk   heat  i: 
caao  of  the  atmosphere  is  duo  wholly  to  the  .-mull  quantity  of  car 
acid  ami  aqueous  nam  pre  ant;  thai  oxygen  end  nitrogen  are  trans- 
parent,  to  dark  heat, and,  therefore,  if  the  etmoep]  laistod  only  nf 

a  two  L'a  OOld  not  bo  heated  by  radiation  from  the  earth, and 

thfl  ground  would    Iom  all  it-  ln-u!  In   radiation  < luring  tl 

become  rnbanaeljooM  [flee  rpace.    [nether words,  the  blanket  put  aiiont 
the  part  1 1  :i    keep  it  warm  is  woven  of  carbonic  acid  uud  aqueous  n 

Now,  we  have  seen  that  during  the  Coal  period  ih*  qvntn  ■ 
tonic  niid   iiml   tUptCOtU   VOfOW   in   the  air  was  far  greater  than  no*. 

Tin-  atmosphere  was  thru  a  double  blanket,  an<i  therefore  kepi 

young  earth  nin.l.    |  *     We  beliovo  that  Prof.  'I*.  S.  ilun'  ♦  w*j 

tin-  tirst   tn  apply   tin  •'■>■  nf  Tyndall  to  the  explanation  o 

climate  of  the  ( "niil  period.     K.  B.  Hunt  had  previous 
greater  density  of  the  air  (Dana,  Manual,  p.  353);  but  this  is  a  wholly 
different  principle.* 

Thus  the  pit  grephy  explains  the  humidity  and  unifoi 

and  the  greater  humidity  anil  the  earl  ionic;  ae.id  explain  the  greater  mean 
temperature.     But  tilU  EJ  the  carbonic  acid  to  be  accounted  f«>r. 

The  more  kighty-cariKmai$d condition ot  the  atmoaphen 
attributed  bo  the  original  constitution  of  the  air.     All  carbonic^ 

producing  causes,  audi  as  animal  respiration,  combustion,  general  I 
of  organic  matter,  volcano-  nted  springe,  ote.,onlj  rotwm  I 

air  what  has  been   previously   taken  from  it.     There  can  be  no  .]■ 
that  all  the  carbon  In  the  world,  whether  in  the  form  of  organ', 
or  of  coal,  or  of  bitumen, or  of  carbonate.-,  urieted  onoe  as  carbonic acvl 
in  the  air,  and  has  been  progressively  withdrawn.     First  immense  quan- 
tities were  w  it  hdrnwn  and  fixed  as  carbonates,  especially  as  carbonate  of 
line  (limestone),  ami  I  he  air  correspondingly  purified.     Again,  i 
quantities  were  withdrawn  by  the  luxuriant  vegetation  of  I  pe- 

riod,and  fixed  as  rani.  In  this  latter  method  of  withdrawal  the  oxygen 
of  the  carbonic  acid  is  returned,  and  the  oxygenation  of  the  ah  tl 
creased.  We  shall  bcc  hereafter  that  tho  process  of  purification  di 
cease  with  the  Coal  period ;  for  large  quantities  wore  again  withdraws 
and  laid  ihiwn  at  coul  and  lignite  in  the  Jurassic,  the  Cretaceous,  and 
Tertiary  periodl.  There  i  an  he  no  doubt  that  this  progressive  purifica- 
tion of  the  air,  by  the  withdrawal  of  superabundant  carl.  i  ami 
rning  the  pure  oxygen,  fitted  it  for  the  purposes  of  higher  and 
higher  animals. 


•  Proceeding*  of  the  Itoyal  Society,  vol.  \i,  p.  100 ;  American  Journal,  oecond 
rol  xxivl,  p.  00. 

f  Clurniral  and  flo<»lojrical  Knftayx,  p.  42. 

|  Arcnrding  lo  Huff,  Archive*  tic*  Science*,  vol.  Irii,  p.  298,  thn  opacity  to  dirk  k*»l 
of  carboniu  acid  and  aquevue  vapor  hw  bevu  exaggerated  t»y  TyndalL 
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Iron- Ore  of  the  Coal -Measure*. 

We  havo  already  stated  that  the  Coal-measures  consist  of  alternat- 
ing layer*  i>f  tarn  shales,  nml    limestones,  containing  seams  of 
li  nf  tron-ofA    We  bare  nl ti-;i< I v  fliftrmmnd  the  mode  of 

eecii'  and  the  I  hairy  of  accumulation  of  the  cwi/. 

ioiim  now  to  discus*  tin?  bud  in  regard  to  the  iron~ore. 

Mods  of  Occurrence. — The  mode  of  occurrence  of  irouHira  is.  in 

man  -.  like  thai,  of  '-o.il.      Like  oal,  it  il  finind  in  seams  which 

from  11  fraction  of  ait  inch  to  forty  or  fifty  feet. 
coal,  these  very  thick  Beams  ure  njit  to  ho  impure,  being  lai 
mixed  with  clay.    Seams  pan  enough  tu  vark  pxofttabtj  Idem 

more  than  three  or  four  tee  Like  coal,  this  .-.earns  are  repeated 

many  times  in  the  same  section  (Fig.  4.*i().  j>.  :>l?),lmt.  without  any  dis- 
coverable order  of  succession.  Like  coal,  the  seam  is  usually  underlaid 
by  ,■'■ 

Kinds  of  Ore.—  The  form  of  iron-ore  found  in  all  strata,  except  those 
containing  coal,  is  usually  fm  either  hyd  rated  (brown  hi  i 

-limonitc),  or  iiiihydniii    (red   hematite),  or  else  magnetic  oxide; 

but  in  the  Ooal-meaattraa  of  this  period,  and  in  the  Coal-measures  of 

■.  other  period — i.  e.,  in  all  rtrata  isJ — the  iron  is  in 

the  form  of  ferrous  atrbonate.    This  is  usually  mixed  with  clay,  and 

fore  culled  vbg  inm-fton*.    It  is  often  nodular  and  mammilla 

and  called  kidnnj  iron-ore.  Sometimes  it  is  mixed  intimately  with 
bonaceons  matter,  and  is  called  Uack^and  or*.  This  last  vary  roll 
ore  is  fou : i' 1  in  Pennaylvanidi  Ohio,  and  in  Scotland. 

•rtancc  of  the  association  of  coal  and   iron  in  the  same 
strata  can  not  be  OfflBCnatinniti-d.     r.ii-  this  reason,  the  raising  of  coal 
and   the  manufacture  of   iron  are  conducted  in  connection   with  i 
Othl  :i---lting-furnacea  are  often  situated  at  the  months  of 

.Mil-mines.  It  is  easy  to  understand,  therefor..',  win  I  treat  ltritain, 
the  greatest  coal-producing  countr.  in  the  world,  should  ho  also  the 
greatest  iron-producing  country.  Nearly  all  the  iron-ore  worked  in 
i  is  taken  from  her  coal-measures.  In  this  country,  min-h 
boa  it  made  from  the  iron  carbonates  of  the  coal-measures,  but  in 
also  boa  the  peroxide  and  magnetic  ores  found  elsewhere,  csjwcially 
in  Laureutian  strata  (p.  286). 

The  following  ta:  .  a  comparative  view  of  the  ininual  in.n- 

productiou.  in  bona,  of  the  principal  iron-producing  countries,  of 
world.  It  will  be  seen  thut  Great  Britain  mukos  more  than  a  third  of 
the  iron  of  the  world.  The  rapid  increase  in  the  production  of  this 
great  agent  of  oifiliaation  is  also  seen.  In  18;sj-<  the  iron  and  steel  pro- 
duction of  the  United  States  reached  the  enormous  amount  of  W,000,- 
000  la 
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Theory  of  the  Accumulation  of  the  Iron-Ore  of  the  Coal-Measures.— 
We  haw  already  explained  (p.  14-1)  bow  iroo-oN  i.s.  now  accumulated 
bj  die  agency  of  decaying  orgnnio  matter.    We  lm\ 
if  flic*  organic  matte  it  oonfumed  in  doing  the  work  of  aoounrab 

the  iron-ore  is  left  in  the  form  of  iron  peroxide  |  but  if  it  i-  accumu- 
lated in  the  presence  of  excess  of  organic  matter,  it  retain!  the  form 
of   ferrous  carbonate.     We  will  n<  additional  evident 

from   the   nee  nm-ncc   of  inm-ore  in   the  strata  of  the  earth,  th: 
same  agency  has  accomplished  the  same  results  in  all  geological  times: 
1.  Immense  bedl  of  iron-ore  are  found  in  the  -i  rata  of  all  geological 
ages;  but,  wherever  we  li  ml  them,  we  And  also  associated  ■  •  a-rrespond- 

ing  amount  of  strain,  decolorised  or  leached  of  their  iron  ooto ring-mat- 
ter. Contriirily,  wherever  we  find  the  rooks  extensively  I  nally 
find  also  an  absence  of  valuable  lied*  of  iron-ore.     We  are  thus  li 

conclude  that   tlie  firm-ore  of  iron-beds  ha. 

itrata,  which  are  thereby  left,  in  a  deoolorised  oonditi  ni. 

'-'.  That  this  has  been  done  by  the  agency  of  OTgauie  matter  is  *hown 
by  the  fact  that,  whararar  wo  find  evideocee  of  organic  matter,  whs 
in  the  form  of  fossils  or  of  coal,  wo  fiud  the  sandstones  ai  -  are 

white  or  gray — i.  o.,  leached  of  coloring-matter.     Com  rockl 

are  usually  barrvn   of  ftosih  or  of  eoaL     For  example,  all   the  sand- 

osa  uf  ill.-  co:il. measure*, or  of  all  othei  strata  cor  coal,  are 

gray,  while  the  Old  Red  sandstone  below  the  coal,  and  U  ltfl 

sandstone  above  tl oal,  and,  in  fact,  all  red  sandstone*,  arc  very  poor 

in  fossils  or  evidences  of  organic;  matter  of  any  kind.  Thus,  etiiluQCei 
of  organic  matter,  and  the  decoloring  of  the  strata,  and  the  accumnhv 
tiou  of  iroa-orc,  are  closely  associated  as  cause  and  effect 

3.  In  all  thi'  atrata,  whether  older  or  newer,  in  which  then 
coal,  i.  e..  in  which  there  is  no  excess  of  organic  matter  in  a  state  of 
change,  the  iron-ore  is  peroxide  (ferric  and  magnetic  oxide);  while  is 
coal-measures  of  all  periods,  whether  Carboniferous, or  Jurnssie.or  Cre- 
taceous, or  Tertiary,  or  in  all  cases  where  there  is  organic  matter  in  el- 
cess  iii  a  state  of  change  (not  graphite),  the  iron-oro  is  in  the  form  of 
carbonate  protoxide,  or  ferrous  carbonate  ( I-YC'O,). 

The.  re  conclude  that  both  now  and  olawaw  iron-ore  is,  and 

has  been,  accurnulati.nl  by  organic  agency;  again,  that  both  now  and 
always  there  are,  and  have  been,  three  conditions  of  iron-ore,  each  u- 
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il  with  tho  absence  or  presence  in  smaller  or  larger  quantities  of 
changing  organic  matter:  I    If  may  ba  universally  diffused  as  a  color- 
jug  •  .  .Hid    unavailable  f"r  i :.  .   in    tins 
case  tin  to  has  In  i ->i  no  organic  l              i  loach  it  out  andaccumtihitc  it. 
may  be  accumulated  ;w  ferric  oxide;  in  this  case  there  has  bean 

organic  matter  only  Boffioient  to  do  i  in    work  Of  ii''iun;il:iii..n,  ami  was 

all  oonaumed  in  doing  that  work  8.  It  maybe  accumulated  asferzooa 
carbonati' :  in  ti  is  oaaa  there  il  evesaof  organic  matter,  usually  in  ilic 
form  of  cool 

much  u  certain;  but,  as  to  the  exact  mode  and  time  of  the 
leaching  and  accumulation,  there  la  some  difference  of  opinion.   There 

are  two  wavs  in  which  tho  accumulation   inav  liav icorxed:   It    may 

/-.y  tliiriii'i  tks  Oooi  .  being  at 

that  tin  i  lea*  tad  ont  of  tho  •Qxrounding  nils,  whit  I*  vara  thaw 
left  In  a  I  I  condition,  and  in  thieoonditioa  rabsequentlj  washed 

dowi  0  the  roal-m»rshcs.    Or,  it  D  been  brought 

down  U  the  ••(iloring-niattcr  of  red  sands  and  clays;  and  afltrv 
perhaps  after  tho  Coal  period,  leached  out  h  ig  waters  con- 

taining organic  matter  from  the  c  oal  -  beds,  carried  downwanl  until 
stopped  by  an  imperrioui  ■tutU)  sod  aooumulaied  there.    The 

former  mode  \*  the  more  probable* 

lint,  in  any  case,  orjeauie  matter  has  been  the  agent;  ami,  there- 
fore, .  as  in  all  other  eases.  iron-ore  is  Qm  HffTl  of  organic 

man  tn  of  the  amount  of  organic  matter  eosenmed  in 

its  accumulation.  There  art,  therefore,  three  *igns  of  tho  previous 
exisU'iico  of  organJenu  oaed  by  gaologbta;  tiny  are  coal,  inm-vret  and 

\\  ■■  can  not  dismiss  this  subject  without  maldng  one  passing  reflec- 
tion suggested  by  tho  mention  of  these  three  afgm.  of  lif<- 1 

:ilom  is  so  much  matter  taken  from  theatmoapbi  re, 
pace  in  individual  living  forms,  to  be  u 
solved  by  death,  and  returned  to  the  ttmoaphere  a*hei 
tamo  materia]  n  again  taken  by  the  next  generation,  embodied  and 
again  return.  death.    The  eame  small  quantity  of  matter  in 

jktnn  ia  embodied  and  d,  again  embodied  and  disem- 

worked  oror  and  over  again  by  constant  circulation 
a,  millions  of  times,  in  the  history  of  the  earth.     Now,  in 
ion  of  the  olemont*.  of  organic  matte: 
worl.  f,  \iz.,  the  M-oiiilerfulliiit  fleet- 

ing phenomena  of  vegetable,  animal,  yea.  of  human  life,  them  was  an- 
i  of  which  accumulated  from  ago  to  age — a  work, 
too,  of  the  grvatist  importance  to  the  well-being  of  the  human  race. 
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A  portion  of  this,  oircuhiting  matter,  in  its  course  downward  from  the 
organic  to  the  mineral  kingdom,  ttopptdha^f-waf/,  and  was  accumulated 
its  great  badaofaoaJ — reservoirs  of  stored  foroe.    Ai  ftirmiiating  i 
descending  aeaward  is  8to]*]»t'>i  Mid  stored  La  In  to  complete  its 

=  lit  under  the  control  of  man,  and  do  his  work; 
ganic  matter  daaoandu  ppfld  and  stored,  and  is  now  con 

descent  under  the  BOBtroJ  of  man,  and  doing  bis  work,  and  1 
becomes  tin?  groal  ureal  of  nwdani  civilization. 

A  ueond  portion  of  circulating  organic  elements cot 

■  ■.  I. Hi  in  doing  «o  accumulates  iron-ore,  the  second  grca'. 

of  the  human  race. 

A  third  portion  alio  oompleiea  Its  dotosnfc,  out  accumulates  neither 
ooa]  in-r  iron-ore;  but  it  AOOOmpliahes  .1  woA  far  more  subtile  and 
beantifn   (ban  either  of  the  othen.    aj  each  particle  of  or 

return*  to  the  atmosphere,  ii  compels  a  particle  of  mineral  matt* 
take  its  plaoO]  thus  completely  reproducing  its  form  mid  street 
Thus  fossils  arc  formed,  and  thai  is  the  history  of  the  organic  kingdom 
self-recorded.     Thus,  while  the  other  two  portions  have  subs; 
material  wants  of  man,  this  portion  has  subserved  his  higher  iutel 

Uill  Willi  ts. 

Bitumen,  Petroleum,  and  Natural  • 

The  origin  of  bitumen  and  petroleum  i*  so  cloudy  connected  with 
that  of  coal,  that  ulthoiigh  not  confined  to,  nor  even  found  principally 
in.  the  Coiil-mortRureiJ,  the  subject,  is  b«St  taken  Rp  IB  I  BOOtknL 

It  is  well  known  that  coal  or  any  organic  in  1 
I  .:ion.  may  be  broken   up  into  a  great   wiricty  of  products  :  gome  solid, 
as  coal-pitch;  some  tarry,  as  coal-tar;  some  liquid,  as  eoat-oili 

:de.  :ih  niat-niiphllm ;  und  some  gaseous,  MOM  Bad 

col  lee  Led,  in    lissures  beneath   the  earth,  or  issuing  from  its  surfn.   . 
v-.tv  similar  atrial  of  prodaotS:  some  solid,  as>  atpkaU  J  some  tarry,  as 

mm;  some  liquid,  an  prtroloum ;  some  volatih .  aa  1  tka; 

and  some  gascou  /i-f/ns  of  burning  springs.     There  can  be  no 

doubt  that  then  alio  ore  of  organic  origin.  The  utilization  of  all 
these  products,  especially  petroleum  and  gas,  have  now  beoama  a  great 
indn.-try. 

Geological  Relations. — Bitumen  and  petroleum  are  found  in  all  fos- 
ailifeTOOJ  rocks,  from  the  lowest  Silurian  to  the  uppermost  T.  mart, 
uiuh-r  certain  conditions,  among  which  are  the  local  abundaa 
ganlaiM  from  which  those  substances  are  formed,  ami  the  absence  of 
great  metamnrphisui.  The  signs  of  their  presence  in  any  locality  an 
[rldeecant  scums  on  the  water  of  springs  foil-show),  and  the  issuing  of 
Bombuitible  gases  (burning  springs).     In  regard   to  the  Br* 

1  it  be  renuiid"  red  thai  iridescent  scums  are  produced  by  many  other 
Bub9tancca  besides  petroleum.     The  second  sign  is  considered  the  but, 
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although  combustible  gases  may  bans  bum  i$  ng  organic  matter 

of  any   kind,  M   from  ooil     Some  of  the  bun  DgS  in  the  oil- 

:  ii'  said  in  prodito  Cost 

li  is  a  significant  hd  that  petroleum  is  often  oatoetated  with 

Salt.     It  ia  so  in  IVm.-vhania,  in  Virginia,  uinl  in  many  other  lo.-alit.ies. 

Oil -Formations — I  nam  said  that  petroleum  and  bitumen  are  found 
i  rous  formations,  bat  In  each  count n  there  are  eertnin  for- 
mation- a  -pi-i  ially  abounds :  in  Kurojn-  it  IB  found   pnneipally 

iii  tin.-  Tertiary;  in  Bastes]  (Tnitea  B4k4  rand  almost,  wholly  in 

Uh  l':i.-ii,.-:.-.ji-.  ix'ii.w-  theOofltmesjaree]  hi  California  it  hi  bond  in  the 

Principal  Oil-Horizons  of  the  United  States.— In  Lvaniaand 

Kenl  -  fonnd  in  the  D pper  Devonian;  in  I  lanada.  and  Michigan, 

ha  Lower  Devonian;  in  Wettern  Virginia  it  h  found  in  the  sub- 
Carboniferous ;  in  Ohio,  in   Lower  ( 'oal-meaeun  s  in  the  l  pper  Di 
voaiari  (Huron  shales),  and  even  in  the  Lower  Silurian  (Trenton 
stone);  in  California  it  is  found  in  tin-  Miocene  Tortiarj  "f  the  ('oast 
Range,  nil  the  way  from  Los  Angeles  to  Cape  Uendxraino.     l  bese  havre 
izons. 

Laws  of  Interior  Distribution. — Tho  mode  of  interior  distribution 
of  pi  and    bitumen  is  similar  to,  yet  different  from,  that,  of 

water.     Like  water,  it  i  porous  strata  and  ooUected  In  fissures 

and  cavities ;  like  water  and.  with  water,  ft  ienui  in  bill-aide  springs; 
She  water  and  with  water,  it  coll/vts  in  oniinnry  K*ffls,Or  som.. times 
ipouu  in  immense  quantities  from  artesian  wells.  Boms  of  the  great 
spouting-  Pennsylvania,  when  first,  opened,  yielded  3.nrio  barrels, 

somo  in  0 

t»        «  c 


t9* 


and  some  of  '  »'■  -.Meat  watte 
of  Baku,  on  the  borders  of  the 
en  1,000,000 
gallons  per  day.  But,  unlike 
watpr,  there  is  no  ptranniol 
inrtj  :   the  uccumuhi- 

exhausted 

in   a    few    months   or   a   few 
years.    1  fbrct 

great  spouting- 
weUe  is  not  hydreetatio  press- 
ure directly,  but  the  pressure  of  elastic  gas**  generated  from  the  jwtro- 
leum ;  ft  Orton  has  shown,  the  i  ion  of  these  hi 

probably  due  to  hydrostatic  pressure.     The  mft 

theri'  [8  of  reservoire  which  hare  been  aacamn* 

huing  for  millenniums  in  great  fissures  and  rarities,  are  enormously 
prod:  tlso  rapidly  exhausted.    It  is  evident  that  the  same  is 
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ii    mmv    ( mi-    1 1 T  lt:i-:-wi-11n;  tlie>   DUD  irt  dived.      In   ( lie 

caso  of  I     -  '.«.•  but  more  p  i-  oil  U  • 

in  more  numerous  but  smaller  fissures  and  pores.  In  all  casta  of 
In  noii  in  laygB  fissures  and  ciiviliis,  these  n  arc  occupied  aUo 

by  water  and  gas;  aud  the  three  materials  urruuge  themselves  in  the 
order  of  their  relative.  *pcci  He.  gravities,  u  in  Figs.  .'i".  and 

These  Eaod   c.i-ily  account    for  tin-  many  OnriOQfl   f •  lii-rn >u i«- Tt. . 

nocted  with  oil-wells.     Thu.-.  if  the  well  u  (Fig.  517)  tape  the  n 

voir,  i.nly  gas  will  escape,  a 
and    water    c  m   Ii 
pump.      Mm  if  1 1 iij  well  be  at  b, 
oil    will    spout  ;  and    afterward, 
when   ilie  gns  has  escaped,  ml 
and  pumped.    If 

the  veil  be  at  ;'  *ill 

spout  first  and  afterward  oil.     If 
the  >     irregular, 

ru "re  l  liuii  one  chamber  contain- 
ing ■  ■< impressed  gas  (l 

inn]  tlie  well  lie  ut  s,  then  gas  will  escape.  Brat, and  afterward  ati 

water  will  <p«.ut. 

Kinds  of  Rocta  which  bear  Petroleum.— As  already  sta 

leiiiii.  like  water,  tfl  Found  principally  in  pons  and  fissures  and  ea1 
The  same  kinds  of  rocks,  therefore,  which  arc  water-bearing  ar« 
uil-ii  'mi's  ami  .•.mi'!.*!'.'/,' -■■■     In  Oanadail 

limestone,  in  Psi  tia  in  sandstone.    The  ing  shales  are 

usually  barren.    In  Pennsylvania  there  are  throe  oiW  ,nd>tone«, 

separated  by  about  800  (eetof  interroiiing shales.    If  u  well  reaches 
the  iir.-t  Band  ithoat  obtaining  oil, the  boring  is  oontinnc 

the  b ml,  i.r  .".i'ii  tu  the  third,     lug.  519  (takon  from   Lee 

resents  u  station  through  the  Pennsylvania  oil-regions,  showing  the 


iv.  tU 


MO  I 


•»iart  arno 


m  <--- 


Flo.  »1S. 

three  pi'in.'ipa!  oil-boriaous  of  the  United  States,  viz.,  the  Venango 
Count;  i   ennsylvania)  horizon  with  its  three  sandstones ;  _dntt 

sub-Carboniferous  horizon  above;  and  the  Cantwla  horizon  below. 
Petroleum  (especMlj  the  lighter  oils)  i.<  Qiually  fonn  hori- 

EOtttal  or  gently- folded  strata,  because  strongly-folded  and  cnnnpkd 
strata  are  always  metumorph ic,  and  the  heat  which  produced  meu- 
morphism  lias  also  concreted  the  oil  into  bitumen  or  asphalt.  Also  th* 
outcropping  of  the  edgcB  of  highly-inclined  strata  favors  tho  escape  of 
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gas   and   tho  concretion  of  the  oil.     It  is  httrdlj  probable,  > 
tliat  ft  light  oil  Form*  nil-region.* 

Iu  gently-folded  strata  ii!>  j.rniiti'ii'.r   |p,ii  i.iru  seem  to  be 

along  a   line  of  anticline;  because  there  we  ms  Ugi   BttOJTflB, 

and  also,  perhaps,  because  the  oil  working  np  on  tho  surface  of  water, 
accumulate  under  the  Baddies  of  the  strata. 

in  Of  Petroleum  and  liilumen. 

We  have  seen  that  the  whole  petroleum  and  bitumen  series  may  be 
made  artificially  by  destructive  distillation  of  OOaL     There  srems  ulxo 
to  be  Little  doubt  that  certain  organic  matters  aionftaafjf  lent 
in  j  .  f  ibundant  moisti  I  out  ofconta.  will  un- 

dergo a  species  of  decomposition  or  fermentation  hj  vbiehan  oily  or 
tarry  substance,  similar  to  bitumen,  is  formed.    In  tin-  Interior  of  heaps 
tble  substance  a  often  found 

•  uti'  therefore  two  general  theories  of  tho  origin  of  petroleum: 
one,  that  it  is  produoed  by  the  distillation  si  high  temperature  of  bitu- 
rolcanio  In  fct,  the  ooel  being  left  a  ;  the 

r,  that  it  is  formed  at  ordinary  tempi  return  bj  I  p  Bpo- 

tain  organio  matters.  The  evidence  In  favor  of  the  first 
view  is  the  similarity  between  the  artificial  and  the  na  .  the 

objection  to  it  is  that  the  occurrence  of  petroloum  seems  to  have  no 
neoeseary  connection  with  the  occurrence  belon  earns,  and  also 

petroleum  is  found  tnoatlj  in  strata  which  have  not  bo  •  •  ted 

■ .    lk  heat. 

at  Pot  the  other  view  U  the  toot  that  we  actually  find 
bone  containing  bitumen,  evident 
Bition  of  the  animal  matter.    So, 
fouiK  ich  bars  eba&ged  into  b  tamen. 

Tin?  most  probable  view  seems  to  be  that  both  eoid  and  petroleum 
are  formed  from  organic  matter,  but  of  different  kinds  and  under 
slightly  different  conditions — that  coal  is  formed  from  Urn ettriot  vas- 
cular plant*,  in  tho  presence  of  fr,.  while  bil  d  petro- 
leum are  formed  from  more  perishabU  >  plants  and  animals,  in 
■tec.  We  have  already  noticed  the  frequent  asso- 
ciation of  petroleum  and  saltf 

According  to  this  rie  ag  tho  composition  of  petroleum  as 

•  reaction  by  which  ii  is  formed  from  vegetable  matter  is 
cxprcMed  in  the  following: 


•  Soma  tolerably  pood  oil  ha<  been  fuuiiJ  in  I  m  wettWtpMe  »trau. 

f  Itceciult  the  ohcmim  M-  Ibo  iheorj  • 

prtrolcura.  .\ccorlinj;  to  him,  it  b  probably  inxlr  by  minimi  at  lii.-li  tcaqMIBttlftS  of 
r,|.,r  of  "»ti-r  ilI,o)  on  cartrfdo  of  Iran  (ftG}  It  in  harJIy  |irubat>lr  tlm  gcologiita 
nil  acorpl  thia  rirw. 
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Cellule** C„H„0„ 

Subtract  J  '{gjj  '- CnU„0„ 

Aud  then  reoudu t',,11,,  =  petroleum. 

Origin  of  Varieties. — However  f<irrr>L<3,  there  (ran  !*•  no  doubt  thai 
rent  varieties  of  this  series  are  formed  Erom  otu  by» 

sub  ii  i.  certain  that  from  all  varieties  CH 

U  passing  off.  jin 1 1  that  the  rei  s  a  alow  i 

Hy  this  proceae  light  nil  in  changed  into  boavj  oiL,  boat]  oil   d 
men,  and  bitnmen  into  asphalt.    Some  of  thegrai 

of  oil  have  thus  been  rhungi'd  into  solid  In  the  upj*.T  be 

Coal-inruMiir.  i if  Wtst  Virginia  there  is  a  vein  of  asphalt  foorftot 
tiii-  k .  ..-...-  :;. foot  long,  and  of  unknowi 

ire  which  breal     through  the  rocks  nearly  pert*  d  out- 

crops  mi  the  snrfaoe. 

There  are,  therefore,  two 
B  m  :■  r.  i  iz.,  the  •  and  the  oil  aeries.     In  eac 

portion  of  earbon  increase  ubsequeut  cli  ntil,  porh« 

carbon  may  be  reached.     In  the  coal  series  we  have  fat  coal,  htii 
nous  coal,  Benii-aiithraciti'.  antl  ,.|,  finally*  graphite.    In  tl 

serial    «ra  have  light  oil,  heavy  oil,  bitumen,  asphalt,  probably  jet, 
possibly,  finally,  diamond:  for  Liebig  has  si  I   that  ih:  i 

most  probablj  formed  by  crystallisation  of  carbon  from  a  liquid  hydro- 
carbon,  in  «rhi  b  the  proportion  of  carbon  is  constantly  Lnoroaain| 
A  OH,.* 

Future  of  this  Industry.— Tin-  oil  in  the  dnited  States  ispnu 
inexhaustible.     Tho  liuding  of  groat  reservoirs,  producing 
wills,  hai   itlways  been,  and   always  will    In*,    v.  i 

duration  of  their  productiveness  limited ;  but  a  moderate  return  fur 
industry  and  capita]  is  certain  for  an  almost  unlimited  time.     A  '■ 
portion  of  the  Palaeozoic  basin,  including  an  area  of  abou 

in-  miles,  is  underlaid  by  rucks  which  an?  more  or  |i  n  oil-  be  U 
The  eastern  portion  of  the  United  Mutes  is  the  great  oil-bearing,  a*  it 
is  the  great  coal-bearing,  country  of  the  world.     The  gas  supply  will 
probably  lie  much  inure  ipiiekly  exhausted. 

fauna  of  llf  Curbmu'ferous  Age, 

As  b  re,  we  will  disregard  the  Bubdiri  ad  treat  of  ta* 

fauna  of  the  whole  nge,  or  nt  I •  -: i — t  the  two  periods  Buh-Garbonifi 
and  Carboniferous,  tog  It  must  be  borne  in  mind.  I  ,  that 

most  of  the  lower  marine  animal."  mnii  from  the 

•  TbU  view  «cmii»  t«i  ho  ennflmipii  by  rrcont  obMrv»ti<m«  in  South.  Africa  ami  Sa*i 
America.     Lcwi<,  Eetence,  vol.  riii,  |i.  S4B  ;  Derby,  Science,  vol.  is,  p.  B7. 
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iferons,  while  most  of  the  fresh- water  and  land  animals  are  from  the 
Coal-measure*.  ..tice  only  what  important  famila-a  aia  going 


V 


x 


Flu.  SCI. 


•   i 


».  F    ...     -.'■' 

,  SWatS.— Cktaosjmnw  Cnuu:  880.  UttuMtroKos  Callforntaw  ■    •.    On.  Oil 

■  r  Meek),    taa.  a.  ArcliiiucdN  Wortlienl  itfur  lUih,  ■ 
f«J  U>  tU<m  •UUCttUT. 

oat,  what  Important  families  are  coming  in,  and  a  few  which  am  very 
characteristic.  Wc  sli.ill  dwell  only  on  what  b«ars  00  tin-  progress  of 
life. 

Among  i  i  same  general  characteristic  BalaMWok  type(Qnad- 

ripartil:i|  continues  to  prevail,  thoogh  in  greatly-diminished  variety 
of  families;  for  the  FsTontida  and  H:iU>iti<l:i-  have  passed  away,  and 
only  the  Qyaihophylloida,  or  cup-corals,  remain.  The  moat  beautiful 
and  characteristic  are  the  Columnar  Lithostrotion  (i  •.  I  polyp- 

coral.  aii  iousoorkecrew-liku  Arohimedaa  r  l),a  Hryozoan. 

Am  aids,  the  Ot/tiids  no  longer  exist,  for  they  passed  out 

with  the  Silurian,  but  the  Bkufoidi  and  Crinitl*  (Figs.  10)  hv 

crcan?  in  num  t>iT  anii  beauty.  Alsoamont.'  frr-e  Kchinodcema  the  As- 
teroid* (Fig.  B88)  an  more  abundant,  and  Behinolda  (Figs.  531  and 
:ed  for  the  first  time.  Fig.  534  wpmaonta  the  distri- 
bution of  those  orders  in  time. 


Km.  an. 


Fli>.  UK. 


Fi8«.  9S8-5W.— BoKUfODWW*  OTTiirCARROHifi  ...rliif 

l.m:i  ll>'a'  >!l<  I  MOCk)       DM.  I*CHlrWnltP»  CniClllt  :  l » t  J  -»  ..-.I. 

,i,ii  n  i  rlf«ni  i     '    ii    I 

eb  •  &2T.  llniinTliiiix  Cbrjrtil  nifl.r  Mick),    bid.  HcafihlricrtQUB  Kal*rl»  mjIIct  Hv  k 
ForboitocruiuB  Wortliuiil  ofuf  Mwk>. 

Umd  end  freak-water  shells,  as  mij;ht  haro  been  expected,  arc  b*-' 
ginning  to  bo  found  in  great  abundance  in  the  Coal-measure*,  'l'i* 
genus  Pupit,  it  ];ii  rwithing  pmsteropod,  and  the  genua  CyeUu,» 

fresh-water  lihah'-.  u :i I  the  gen oa  Gypria,  a  little  anutacean  bhalva. 

all  of  which  are  still  represented  by  living  specks,  arc  found. 

Of  ooorae,  m  .  hotli    Lanifllliliruni'hH  and  Gasteropoda 

are  abundant.     Some  figures  of  these  art-  giTen  below. 

A&iong  Ccp/tu/opoih, OrlhovvnAiWa  .--till  contimi' •.  uabed 

number,  vari. .-tv.  and  size,     Gonialiits,  introdooed   in  the  Devonian. 
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life.     The  grmluul  process  of  dbaag  dearly  traced  in  the  one, 

but  not  yet  in  ti  Atthoagii  Ldmnloiilb  axe  ekarij  difleroa- 

tiatwl    lift    in  bon* 

i  ion  forma 
may  bo   tiaoed    BTOH   to   the 

iloriao.     If,  with 

MM    int. i    t\v..  »r.ni|i>      l':i- 
lsso-cari<hi    and     Nhh.: 
(old     -tylo    and     bow    Btjle 
<  i  i)  —  then     Trilo- 

bittifi,  Knry|»t.«riils,  inul   Lim- 


hn  r.w. 


no  Ma 


M.        ,i- 


■  ■ 


I'm*.  MS-M* — Cxnomrunov   Lanhm.ibh-lxi-h-  (allm  KmIQ:    MB    BoltMnm  kMdMtOldM. 

ntnewo.    MI.  All»rl«m*  |iU>iir»|il»tlui.     M8.  A*Uiti-lla  NYwbrirji. 

Dloida,  belting  to  the   I'lhi-o-carida.     That  thesu  were  all  iiiri-.nl  from 

"iwn  by  tin-  transition  forma  651  a  ■  lob  must 


I',...  MB 


r,..  m 


Fio.  SM. 


PM*.  va-eac-VAtuiixirxmoti  aianaorow  J1».  Macrotbrllun  rfrwbenyl.  HO. 

PtoaroUmimrU •clmU.    Sil.  Eoomphalna  Mibqnadrttoa.    5S1  Bellcfoplim.  «ubl«-vi«i«li.-f  lUil  ) 


Fio  SO.  Fib.  !&t. 

Pim.  9B.1,  nc-TAiooMipaaor*  Oomi*tit««:  BBS.  fJ.in(a«w«  Lyn«l  lalter  ¥»**>:  «.  *Ue  riea; 
At  end  *ie».    651  UonlaUie*  crail»tii»  tEurop*Mi>i  u,  iUle  view  |  &,  cud  >lw. 


Jfjoa.  W5  .V.'J—  I'jnniivr  [UTACHXW!    !M.  KiipmQ|M  Pmii.i-  i  i  Hi  i    V. 

557,  ,\.  .mliMt.  1...n  sU"i|'»"ii 


•m  typna  latw  V"<-1»  mil  VTorUiea), 

ami  v\  M 


I l»  ,»::«  M«i 


bt  compared  with  li^'urea  ©f  Trttobites  and  I  .imuliH  previously  giv<n. 
As  alraidy  seen  (p.  3 '«.'.")),  the  satm-  view  la  confirmed  bj  *.-inbryology. 


ollmuluo  lalcaiiu  tatter  Wuuriwarclj:  a  l.iniuloid  from  t'ppaf  BiMtlao. 
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land  YegcUit ion  of  the  Coal.     Many  of  tlio  principal  orders  arc 
represented,  viz.,  Drugon-flies  (Neoropti  I  and  560;  gnu* 

hoppers  nod  cockroaches  (Orth<  Pig.  663;  spiders  and  Boorpi 

(Anii'lu -ill ■■ . i.  I'V.'.-    ."it: I  a  and   "•  0 1  b  ;  an-l  eeiinpi 

■  a,    it  ii  noteworthy,  however,  thai 
dcrs,  viz.,  the  butterflies  (Lef)idopters)i  toe  Booial  such  as  beta, 

ants,  etc  (llymouoptcrs),  and  tho   fliu  (Dipten),  arc  still  rani 
These  are  not  only  the  highest  hut  also  the  flower-loving, 
ing  ordara.    True  flowering  plants  (Angiospanna)  did  n 
Beauty  mid  fragrance  and  sweeting-  i  yet  OD  tic  of  the 

reprodxu  taoa  oi  plants. 

Beoentlj     mmense  numbers  of  Carboniferous  insect*   ! 
found  at  Oommentry  and  described  by  Brogniart.    Among   I 
targett  inflects  known.     One — a  phaama  (Fig.  5GG) — was  about  a 

I  and   twenty-aii  or  twenty-eight  inches  aeron  the  extended  wing* 
As  already  Baid  (p.  334).  :ill  iln-  Paheoxoic  hexapi»!  insects 
one  order — tho  Palm-dieiyopUra  <>[  Scudder — a  generalized  I 
neeting  the  three  lower  orders — Xeu ropters,  Orthopters,  and  H   i 
— of  existing  insects ;  some  approaching  one  and  some  auol  her  of  there 
now  widely  separated  orders. 

Vertebrates  (Fishes)- — The  great  Ganoids  and  Plaooidaoo 
undiminished  or  even  increased  numbers,  sixe,  ai  ;■.    Thej  arc 
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Txa*.  671  87TI.— Oi*»oxrn:iii>i-i 


Flo.  675. 

371.   CooMloflrw 


.    Tliiw- PTatrA/li ;    37!.    ('orhlUvIri*    nnnlnrliu.     572    Fnulndm 

4c«UiKi"r  i»ft.-r  v..  kfin  ".  :i.  <>iodo»  mamml- 

luvtalur  XtrmtiBTjk—l+aii uiUi :  Ki  .Muuljptcnia  iuiKiu|ilcriM.     370.  Tooth  ol  llolopiycliln» 
HlbWrtt,  bklu «l  •Oe. 

still  the  rulomof  thoseaa.  Of  Plaeoiil*,ono  hag  boon  foand  I  k£b  ib>rsal 
■pine  eighteen  inches  long,  another  with  spine  three  b&ohea  broad  and 
nine  and  a  half  faaobes  long,  although,  much  at  the  point  is  broken  off. 
Their  teeth,  too,  arc  !■<  .'inning to  assume  more  of  the  character  off 

kVt*eth.     They  are  no  longer  wholly  <  .       ■  - ■  7 1  > ,  but 

also  now  //',•  baring  teeth  somewhut  like  modern  sharks.  Inn 

rounded  sdgea  (Ftg*.  578  and  574).     Among   Ganoid*,  the 

mU-protaoted  but  tin  moving  Ftaeodinu  have  passed  amy, 

bat  the  Awrotds  COOtinne  in  increased  number-  Bony.  <n- 

nuir  of  the  Megnlichthvn  and  ll'-lnptyohiuB  are  found,  two  to 

across;  and  jaws  of  the  iloloptychius,  a  foot  or  more 
long,  armed  with  Saurian  teeth,  two  inches  in  length  (Fig.  570).    Also, 
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e  approu-  me  for  the  appearance  of  \l  I'tiles,  somo  of  these 

Bow  in  to  become  ttiU  mora  reptilian  in  charici 

others  become  morejfrft-U 

Reptiles— Amphibians. — The  first  known  appearance  <>f  tin:  olasaof 

agfl  :  Dot  yet,  however,  in  as  great 

nnml t  size,  ok  u  high  in  the  souls  cd  i 

I  _!i  of  Reptiles  had  not  yet  coin  menoed. 

Tin  i    i      '"   I'  ■!•:  »•  divided  into  bWO  ,-u  I -.'lasses, tiz., True 

Reptiles  and  Amphibii  Fhe  Amphibians  diffor  bo  greatly  from 

other  Reptiles  that  the j  an-  now  usually  made  a  dii 
medial.:  between  Pkbaa  and  True  Reptiles.    "■ 
only  fhi  Amphibian*  are  certainly 

the  Carbon^ftrmu.    Again,  Amphibians  are  subdivided  Into  four  ur- 
dera,viz.:  l.  Tailless Amphibii)  [),gachaefr< 

•i.  Tailed   Imphibiana  (l  inch  u  tritona*  eaJama 

.  :  3.  The.l*re  snake-like- for  i>haQT  Qymm 

4.  Lobyrintha  Of  thea9,on]j  the  Labyrinthodonn  w 

ited  in  tin-  Garboniferoaa    The  other  three  ardors  »-t i  1 1  eziil 
tho  libit  has  been  long  extinct.    The  Labyrinthodonts  were  • 

D  gigautic  reptiles.  They  were  moil  of  them  sahuiiaudriform.  nilh 
long  tail,  weak  limits  ami  doggish  movemenl  9ome  were  piriform, 
and  bad  p  ustead  of 

\\ '..  san  "'I;-  1'i'i.  il\  il.'.-rrihi'  a  fi.'w   repn 

draw  tome  conclnaiona 

L  Reptilian  Footprints. — In  theeob-Ctoboniferoneof  l'«  oneyrmnis, 
near  IMtsvilli',  in  found  tracks  at  a  foiir-f ooted,  crawling tai- 

mal  (Sauroptu  primamtt},  haTing  thick,  fleshy  feet  about  four  inches 
long,  aad  making  u  stride  of  about  thirteen  inches.    The  impresn 
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I  i.     m ■     Ko»»il  Haiti  prlnU  of  Uic  C 

•  dragging  tail  is  also  visible.    The  surface  of  the  slab  on  which  tis 
tracks  are   found   is  marked  with  distinct  ripple-burs  and  raiu-prieti 
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*  We  thus  learn,"  saya  Dana,  "  that  there  existed  in  the  region  about 
Pottsvillo,  nt  thnt  time,  :i  mnd-flM  OB  the  border  of  a  body  of  water; 
that  the  flat  was  swept  by  WBTelets,  leering  ripple-marks;  that  the  rip- 
ples  wen  still  fresh  when  a  large  amphibian  walked  Boraa  the  place; 
that  a  brief  hIi 
er  of  rain  follow- 
ing with 
Eta  drops  the  half- 
dried  mud  ;  that 
the  waters  I 
flowed  over  the 
flat,  making  new 
deposit*  ol  i 
tns,  and  so  buried 
This 
the     earliest 

IBM  land 
tebrait. 

Similar  tlW  ka 

found  in  the  Coal- 
measures  of  Penn- 
sylvania, on  a  slab 
affected  with  xun- 

'■'  (Fig.  578)- 

The  reptile  had 
evidently  walked 
on    the    onoked 

and  half  -  dried 
!  ut  low  tide. 
Id  hare  also 
been  found  iu  the 
Coal- measures  of 
Illinois,  Indiana, 
Kansas,  and  Nova  Scotia,  and  In  the  latter  region  beautiful  specimens 

ream  be  little  doubt  thai  the  reptiles  making  the  tv; 
'lOdonts. 
•-'.  Dendrerpeton.— In  the  Ooal-meaj-un    ..f  (fata  Bootia  have 

found  quite  a  number  nf  small   reptiles,  belonging  to  several  general 

Among  these  one  is  especially  interesting,  on  aooonnt  of  the  oonditioafl 

Which   it   seems  tn    have    been    pre--  •  >  -I 
drerpefon — tree-reptile  (Pig.  ■<',''\.  hrriiiise  il  wm  found  by  lhiwsou  and 
in  Nind-atone,  filling  the  hollow  clump  of  u  Sigillariu  i 
20 


I 


I 


Fit).  Sif. — Slab  nf  SamlUnnr  wllli  Reptilian  PDOtprtnE 

ur<«  of  PaMaylwala;  »  J. 
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uiolher  small  species  of  rvptilc,  a  number  of  biud-sh<  1 
papa,  etc.  {Fig.  689,  p.  804),  and  i  n  yriapod  |  Pig.  M5o,  p    •  i 

i  ia  |">  M'rs-.'il  :i  thick,  strung  bark,  which  ma  inr.ro resistant  • 
potition  than  the  callubu  Interior.    Stumps  ot  :  he.se  trees  are  a 
[mind,  consulting  only  of  coaly  bark  Sited  with  Bandit 


Fid.  KQ. — J»» 

Porn '!.  •  i..  n  ni  \a1lr.t  iHwton). 


atonr  ■  a  fit  r  I  >»«*»> 


posited  nilliin  tin-  bellow.      These  iricb  MJp 

remains.    We  can  easily  imagine  tl  under  w 

Dendrerpeton  ma  pw  v  dead  SigQtarut  baa,  rotted  to  the  base 

ami  only  ita  hollow  stamp  ramaining,  stood  on  the  margin  of  a  coal 
-swamp;  river-floods  fitted  the  Ltaaand;  in  the atump lived 

perished  a  Dendrerpeton ;  or  else,  more  probably 
reptile,  together  with  shells  and  other  organic  remains,  araa  floated  into 
the  hollow  stamp  and  baried  I  here.    This  reptile  i  'ly  .•»  Latrj 

thodont,  bat  with  strong  alii  i\  l«accrtjan&» 

3.  Archegosaums  [Primordial  slmri,iu).—  \ii  the  Ben 
meafiaree  baa  own  found  the  almost  perfect  skeleton  of  a  roptile.  :■ 
three  and  a  liulf  feel  long,  whi<  it  combines  in  a  remarkable  degn> 

iof  AmphibiaM  with  those  of  '■■  m  to 

hare  bean  ■  LeJbjruathodont  Amphibian,  with  general  fori 
ore  adapted   for  b  purely  aquatic  life.    It  had,  oertainlj  -ark 

of  it<  life,  probably  throughout  life,  both  gills  and  luuga,«nl 
therefore,  liko  all  the  Vmphibiana  of  tho  presenl  day  at  this  stage,  or 
like  Perennibranchiuto  Amphibians  throughout  life,  hair 

and  water.     The  locomotive  organs  were  p  for  swim- 

ming, not  for  walking      The  A.  gam/id 

-l.  .4),  and  the  bead  with  ganoid}  structure 

'  i 


Rio.  tol.— ArclwcWMnwi 

of  the  teeth  '  B)  waa  also  ganoid.     The  bodies  of  I 
not  ossified  nor  oven  cartilaginous,  bul  i  the  early  ambry 

■  ma  condition  of  a  notochord,     It  vraa  apparently  a  connecting  link 
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between  the  lowest  Perannibwnohiate  Amphibians  and  the  Sauroid 
i,  with,  perhaps,  mom  ■Bjmtom  with  the  marine  Banriana 
whli  ird  appeared.    It  was  um  utlu-r  Labjxiiittiti* 

donta  that  Prof,  u  -  it  in  a  <li;-tiu  I  m-uVr  wlii<li  h 

o  of  tin-  animal  i;  gin  d  eboi  iW.)  with 

tin'  limbs  c  '  md  /••  i  and  j.i.v  <  A')  of  u  Probm — np^reiuubrancai 
on. 
4.  Eosaurus.— In  the  i  I Ml,  Pw£ 

obraof  what  be  thinks,  v.  itii  tome  reason,  was  a 
nun  in;  an 

tab  is  large- 
ly developed  In  the 

oir:.        Itut    as 

•<>dies  of  a 

few  vertebra   have 

Ihvii  fun  ml,  and  as 

the  bi-oonenvity   of 

chief 

aoe  «'f  marine 

Sauri  i  •  and 

v  also 

exists  among  Laby- 
odonta,  Huxley 
■ 

a  babyrinthodont.    There  is,  therefore,  still  some  fioohi  n.«  to  the  true 
Ity  of  this  animal.     The  size  of  some  of  the  ratehts?  was  two  and 

;t  hall  inches  in 
Indi- 
cating ii  reptile 

of    gigantic    <li- 

1008. 
M:;I1V        lit  I H -t 

ere  have  been 

described  bj  an- 

thon    both    w 

end 

Among 

Ranicepg.  Hyk-r- 

peton,     1 1  vl- .in  ■- 
mua,    and    Am- 
ii<l  Anthraoorauras,  Ophiderpoton,  an!  Apa- 
Erore   Europe,  are  beat  known.    The  Baphetes  and  the  Anthra- 
srns  attained  gigantia  size. 
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Very  recently  &  large  number(tliiiiv-fuur  species  referable  to  seven- 
teen genera)  el  small  Amphibian!  In  o  brought  to  light  by  the 
iribttd  by  OopO.  ]  all ,  or  nearly  all,  Laby- 
lini bodonts  (SttgoetphtAif  Oope).  Borne  of  them  have  the.  usual  broad 
heads  of  Amphibians,  but  a  large  number  are  remarkable  f<>r  12 
long,  limbics*,  enukedike  forms  and  pointed  beads,     These  an-. 

among  the  lowest  form  of  Ajnphibiana, and  have  strong  affinities  also 

with  Ganoid  fishes.     Figs.  688  and  J.S4  represent  two  of  the  Ohio  Am- 
phibians, 

Some  General  Observations  on  the  Earliest  Reptiles.— With  the  pos- 
sible, eXOOption  of  the  BoaanroS,  all  the  of  the  Carboniferous 
wire  Labvrinthodoiits.  Tin  v  an-  so  called  0D  account  i>f  tlu;  extraordi- 
nary laliviinihiiio  structure  of  tluir  teeth,  produoed  by  the  intricate 
infolding  of  the  enrfaoe  md  of  the  cavity.  The  fame  atructuro  is  ob- 
served in  Qmoid  teeth,  but  in  a  far  less  degree.  The  siuiple  iufolti- 
ings  of  Ganoids  (Fig.  441),  p. 
342)  become  intricate  in  Lftby- 
rfnthodonts  (Pig.  586). 

Tin:   Luhyrinthodonta  were 


Pio.  Ml—  Tndttann«  radlitton.  x  4  ttjfla  Cnpcy       Via.  5«.-S«1ioi»  of  Tooth  of  «  Lfttyrtniliufcei 

probably  the  most  complete  example  of  a  connecting  type  which  has 
yi'j  I <«■■  1 1  disruvered.  First,  they  were  true  Amphibians  in  the  stri 
sense,  having  all  of  them  in  the  early  gtagee  of  their  life— some  thro1 
out  life — both  lungg  and  gills,  and  thus  connecting  water- breathers 
with  air-breathers.  Again,  they  were  very  different  from  the  slimy. 
mad  Aarphibiane  ol  the  present  day,  in  being  coveted,  ut  least 
partly,  with  bony  plates  or  scales  over  the  body,  end  with  el  («*•!>•- fitting 
I » my  plates  over  the  bend.  I  rain,  they  differed  wholly  from  thu  pres- 
ent Amphibutna  in  having  jaws  thoroughly  armed  with  very  large 
powerful  tooth,  tho  structure  of  which  is  labyrinthine.  All  of  these 
characters  connected  them  with  Sauroid  fishes  which  preced 
and  tho  great  Saurian  reptiles  which  succeeded  them.  1'inally.  tliev 
seemed  to  possess  also  characters  connecting  them  with  several  orders 
of  subsequent ly-exiriting  reptiles.     In  tho  Luhyrinthodonta  and  Sa 


SOME  GESKUAl.  OHSERVATIOXS  ON*  TI1E  WUOLE  PALEOZOIC.    405 

fishes  we  can  almost  find  tlio  point  of  separation  of  the  two  great 
branches.  Reptile  And  Fish,  of  the  vertebrate-  stem;  and  in  the  former 
the  .--ing  differentiation  of  I  In-  .-<■  viral  orders  of  Itcptilcs.     All 

the  earliest  amphil.i:i-<  Nbbnftnotochon]  (<_'<>p 

mi  General  Oburvaiiani  on  t&i  117/ ofc  Palteosoir. 

ban  it  .-lined  geology  as  the  history  of  the  evolution  of  the 

canh.    Evolution*  therefor*,  is  the  central  idea  "f  geology.     It  is  this 

iih-*  alalia  which  makes  geology  a  distinct  science     This  is  the  cohe- 

|irin<i]>lu  which   unites  and   gives  significance  to  all  the-  scattered 

facts  of  geology;  which  cements  what  would  otherwise  he  a  mere  ineo- 

it  pile  of  rubbish  into  a  solid  and  symmetrical  edifice.     It  seems 

appropriate,  therefore,  that  at  t hi*  end  ol  llie  long  und   eventful  Pula-o- 

zoic  era  wo  should  glanco  backward  and  briefly  recapitulate  the  evi- 

i  of  progressive  ohange  (evolution),  physical,  chemical,  and  viral. 

Physical  Changes. — The  Palaeozoic  era  opened  on  tlii*  continent 
with  a  V-shaped  muss  of  land—the  Laurentian  area — to  tie-  north ;  also, 
a  land-muss  of  Let  rocks,  <>f  unknown  ahapa  mid  extent,  on  the 

eastern  bolder,  and  probably  some  islands  and  masses  of  larger  extent 
in  the  llusin  and  Rocky  Mountain  regions.  Tin-  condition  of  things  ia 
represented  on  the  map  on  page  'Z'i'i.  Throughout  the  Palaeozoic  era 
there  was  an  accretion  of  land  to  this  nucleus  by  upheaval  of  con- 

M>us  sea-bottoms ;  a  development  -if  the  continent  southward  (and 

;»ps  northward)  from  the  northern  area,  aud  both  eastward  and 
westward  from  the  eastern  bonier  wren,  until  nt  the  and  of  the  Pnlieo- 
xoic  the  eastern  half  of  the  continent  included  certainly  all  the  Lau- 
rentian, Silurian,  Devonian,  aud  Carboniferous  ureas  shown  OD  the  map 
on  page  291 ,  and  probably  also  some  on  the  eastern  border  of  the  eastern 
Archsjan  area,  which  was  subsequently  covered  by  the  sea,  and  is  tit* 
fore  now  concealed  by  more  recent  deposits.  The  loss  of  Palaeozoic 
land  on  tl  m  border  probably  took  plucc  during  the  Appalachian 

revolution.  In  the  Rocky  Mountain  region  the  development  was  prob- 
ably less  steady.  [Tnconfonnitj  of  Oarbonlferona  on  Simian  strata 
shows  extendi vi-  land-areas  there  during  Devonian  time*.  Thus  it  is 
seen  that  the  continent  was  already  sketched  fa)  tin  beginning  of  the 
Paheozotc,  and  the  process  of  development  went  on  during  that  era,  bo 
that  at  the  end  the  undines  of  the  continent  were  already  untnkt.ik 
Wo  shall  trneo  the  further  development  hereafter. 

Chemical  Changes. — Progressive  changes  in  chemical  conditions  are 
do  less  evident.  At  first — i.  e.,  beforo  the  Archs?an  era — before  the  ex- 
istence of  life  on  tin-  aatth — the  atmosphere,  as  shown  by  Hunt  (  Ksaaya, 
p.  40  ft  ."7-).  was  loaded  with  carbonic  acid,  representing  all  the  mr- 
bonand'  •  ia  the  world;  with  sulphuric  acid  representing  all 

the  sulphur  and  sulphate*  ;  with  hydrochloric  acid  representing  all  the 
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chloride* ;  and  with  aqueous  vapor  representing  all  the  vat- 
earth.    Of  oouraa,  Bttoh  a  condition  mdorod  life  impossible.    From 
this  prinu'val  atmosphere,  by  cooling,  tl  acidfl  WIT'  first  pro- 

bated  with  tin  tnd  afterward  more  slowly  the-  carbonic  acid, 

by  fchi-  action  of  tliiri  jn-id  upon  tin  .--,  with  the  forma- 

iini»  of  i  .irli  .nates,  especially  limestone.  All  limestones,  therefore,  rep- 
resent so  much  carbmiii-  jn-iil  withdrawn  from  the  air.  This  with- 
drawal proceeded  through  thu  whole  An'h;i-iui,  Silurian,  md  DoTOlUaD. 

Daring  the  OarbosifaroiMi  the  pcoification  of  the  air  was  aeoelarated 

!i\  t  lu"  growth  of  regatatkm  ami  its  ureeer ration  u  coal,  asalrwid', 
plained,  pagc>  B  18  <■"'  B8&     In  thi\  method  of  withdrawal  theov 

of  the  carbonic  ucid  ii  returned,  and  (In-  air  becomes  more  oxygen 
Progressive  Change  in  Organisms.  —  Corresponding  v, 

changes,  physical  and  i-ln  rui.-.il,  it  is  natural  to  exJMOt  ohangM  in  spe- 
cies, general  families,  etc.,  of  organi.Mn- :  and  Bach  we  And*  Tin- law 
of  continuance  or  geological  range  of  spe<  illeaj  orders,  is 
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Tery  similar  to  that  of  extent  or  geographical  range  nf  the  same  gr> 
i.  e.,  the  laws  of  distribution  in  time  are  similar  to  those  of  distribution 
in  space.    The  period  of  continuance  (range  in  time)  of  species  i 
course,  less  than  that  of  genera  (because  the  genus  is  con tiruu-d  in  other 
species  of  same  the  gonna),  and  that  of  genera  less  than  that  of  fami- 
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lie*,  tcording  to  Prof.  Hall,  then  ham  bean  in  the  Bilnriaa 

inian  ages  alone  at  least  thirty  obnOtt  Complete  change*  of  yj" 
The  changes  •  if  ueiiera  ere,  of  en ur.se,  iinuli  less  numerous,  ami  those 
Of  families  .still  loss  than  tlin.sc  of  genera.      The 96   gH  iieral   laws  inn  ■ 
illn  P.ikoojsoic  order;  but  I  wli  .t  of  Irilol 

HIM  they  iW  very  numerous,  very  dl  .  Mini  well  Studied,  and 

because  they  came  in  with  the  FalsOBoio,  gnonl  the 

whole  era.  and  then  passed  away  forever. 

:     i  Kig.  6KC)  in  hose  lows  in  the  order  of  1 

It   is  seen    that  this  order   continue*  through  the  whole  era, 

commencing  in  emull  number*,  reaching  its  highest  development  in 

the  Lower  Silurian,  and  declining  to  the  end.     But  the  families  are 

aged  several  timee.    Six  groups  are  given,  to  show  bow  they  < \» 

and  «_'f>  Miri-i--.i-.ih.  [fweahoold  attempt-  the  ili.-slriltut i> •: i  i.f  '."■mm, 
the  changes  would  >>c  miu-h  mora  numeros  ,nd  i  l  -still  more  so. 

In  the  lowei  portiou  of  the  diagram  we  have  utti-mpted  to  show  in  a 

very  general  way  how  the.  distribution  of  speak  i  of  Ot  end 

General  Comparison  of  the  Fauna  of  PalsBOZoic  with  that  of  Noowic 
Times.  —  The  ohangee  above  explained  were  gradna] :  but  at  the  end  of 
the  PaUeozoic  th  need  a  more  rapid  and  revolutionary  i-hange, 

and  •  -t-  which  has  ever  occurred  in  the  history  of  the  I  I  p 

loin.      As   human    history  ia    primarily  divided    into   Ain-ieiit   and 

lern,  «o  the  whole  history  of  the  earth  may  be  properly  divided  into 
Paitrozoic  and  Neozoic  time*     W«  wi.-h  to  contrast  broadly  the  faunas 

of  these  two  great  division*  of  time,    in  the  diagram  on  next  page, 
vertical  line  represent!  the  dividing  line  between  the  old  and  the 

near  time-world.  In  this  eunntry  it  ia  appropriately  OnUod  tin-  Appa- 
lachian  a.     On   the  left  ia  the  Pala-oscoie,  on  the  right  the 

NeosolCL     When  families  or  orders  i.f  .iiiirnals  are  placed  on  ono  or  the 

r  side  without  mark,  it.  mean*  thai  tlu-y  are  the  only  Itind  of  Um 

contrasted  families  found  on  thai  .side,  or  nearly  BO.     If  the  orders  or 
SO  placed  are  marked  with  the  sign  -+-,  it  means  that  tbey  are 
the  predominant  kinds.     For  example,  UnOflg  Oepbalopodfl,  the  T« 

brancha,  or  shelled  family,  are  the  ottlf  kinds  Bound  In  the  Pelmosoii  . 
in  the  Neozoic,  both  families  exist,  but  the  Dibrunchs  or  naked  ones 
vastly  pretiotiiinate. 

fir  mm!  Picture  tf  Paiootoic  Times. 

taps  it  is  not  inappropriate  to  group  some  of  the  more  impor- 
tant facts  in  a  vers  brief  outline-picturo  ol  i  rimes.  \\  e  must 
hnagj  i^  wide  sees  and  low  continents  •.<(  tmaU  <-.rt<nt.  a  hut, 
moist,  still  air,  loaded  with  carbon ie  tilling  and  Qninitad  for  the 
life  of  warm-blooded  animals.     If  an  observer  had  walked  nlnng  those 
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early  beaches  lio  would  have  found  oust  up,  in  grrat  numbers,  tliosbolU 
of  Bruchiopods;  clinging  to  the  nn'b  aud  li tiling  away  among  their 


tkaxsitiox  juom  the  i-al.eov.uic  to  tiij:  iiksozuic. 
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boflowa,  imtaed  of  sea-urchins  ami  stnr-flshes  and  crabs,  ho  would  havo 
found  oriaoUa  Mid  trilobites.  In  the  open  sea  he  would  luive  found  as 
rulers,  instead  of  winded  mid  nhnrks  mid  toleoafa  und  cuttle-fish,  huge 

MiiMPod  Baaroida  and  the  Btnigbt-ohambend  Ortbooecu    Tuning 

U)  the  land,  lie  would  luive  Been  at  first  only  duolattan  :  Era  tlcre  • 
almost  no  land-plants  until  t lie  Devonian,  and  almost  no  hind-animals 
until  the  Coal.  During  the  Coal  there  were  extensive  marshes,  over- 
grown with  great  trees  of  Sigillaria,  I.  piilmli  ndron,  and  Cuhimilcs, 
with  dense  underbrush  of  Fcrn.s,  inhabited  bj  insects  and  amphibian!); 
no  umbrageous  trees.  n«  fragrant  flowers  or  luscious  fruits,  no  bird 
mam  mala.  Than  "dim,  watery  woodlands  "an  tlowerleas,  fruitless, 
■ungle*®,  voiceless,  except  the  occasional  chirp  of  the  grasshopper.  If 
theobaervvr  vu'iv  a  ii;i!iir,iii.-.[,  be  Would  notice.  al*o,  the  complete  absence 
of  nu  pa  of  planu  and  uuitiials — it  would  bo  like  another  world. 

This  long  dynasty  was  overthrown,  this  nlgn  "f  Fishes  and  Amphib- 
ians ended,  the  pbjafcal  conditions  described  above  were  changed,  and 
the  wholo  fauna  and  flora  destroyed  or  transmuted  by  the  Appalachian 
revolution.  A!  the  end  oi  the  Pnlsosoio,  the  sediments  which  had  boen 
•along  a>.->-ittiui!.ti inir  in  the  .\pp;d;ielii;iii  region  at  lasi  jielded  to  tin- 
*^w  ly -increasing  boriaontel  pressure,  and  ware  mashed  and  folded  and 
thickened  up  into  the  Appalachian  chain,  and  the  rocks  metamorphosed. 
In  America,  this  chain  is  the  monument  of  the  greatest  revolution 
which  has  taken  place  in  the  earth's  history.  At  the  same  time  great 
changes  took  place  in  tin  West  alio.  The  Utah  basin  region  was  up- 
heaved to  form  land,  the  Nciada  basin  region  sank  and  bcciuni  sea- 
bottom,  mild  the  Pacific  .shore-line  was  transferred  eastward  to  thu  1 11th 
meridian  about  Battle  Mountain.  In  other  words,  the  liusin  region 
Palaeozoic  continent  was  transferred  eastward  its  own  breadth  to  form 
the  Basin  region  Mesoxoio  continent  (King).  Similar  and  very  extoa* 
Mfe  changes  in  physical  geography  must  huvu  taken  pluee  in  other  por- 
tions of  the  globe,  otherwise  we  can  not  account  for  the  enormous 
changes  in  physical  conditions  and  fauna  nrni  Hon.  Many  of  these  have 
been  traced,  but  we  can  not  yot  trace  them  as  clearly  as  in  Ann 

Tro  Vttozoic — Permian  Per 

The  Permian  a  Transition  Period. — The  Palaeozoic  era  was  closed 
and  the  Meaosoic  inaugurated  bj  the  Appalachian  revolution.  All  the 
great  revolutions  in  the  earth's  history  arc  periods  i>r.>-.  illations.  Sn.  h 
oscillation*  pni'lnce  unconformity.  They  also  produce  change*  of  cli- 
mate, and  therefore  of  fininii  and  flora.  We  find,  then  for.,  that  the 
Meaosoic  rocks  are  universally,  or  nearly  universally,*  uncouform 


la   Um>  Rocky  Monnloin   n-ri^n   there  «ccm*  la   I*   complete  conformity  In 
(King,  Fortlrth  Pkntlal  Survey,  toL  i,  p.  360.) 
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on  tho  Carboniferous;   u  upending  with   this    unconformity. 

there  is  a  wonderful  change  in  bmna  ami  flora — a  change  thegrvic 

of  which  wo  have  attempted  to  show  in  the  contrast  on   I 

page.    Ni.'.i,  i  in- ,,iiirr  ^fn!  ■■junicil  this  ohange asi    i  >tan- 

taneooa  destruction  and   n  J  took  DO 

Inst  Interval.    But  we  haw  already  shown  ( i»j>-  181,995)  that  in  all 

cases  of  unconformity  there  is  such  a  lo  ■!.  M  hich  in  Kline  cua 

is  very  large.    In  order  to  account  for  tho  very  groat  ohange  ill 

organic  world,  it  tg  only  neoeetary  to  suppose  thai  pe 

by  general  unconformity  are  eritieai  periods  in  the  eartl  ory— 

periods  of  rapid  change  in  phj  iate,and  then 

of  rapid  change  in  fauna  and  i;  be  passing  out  of  old  types  and 

i  In-  differentiation  of  now  types.    Unfortunately,  (n  the  earth's  hi 

as  in  human  history,  it.  is Bxsotly  these  critical  periods— 1 

change  and  revolution — the  record  of  which  i..  apt  to  be  lost      fa  botfa 

tones,  too,  this  u  trner  the  farther  haek  we  go.    Of  the  lot 
val  boiwaan  the  Arehssan  and  Paheosoic,  not  a  leaf  of  record  bh 
been  recovered  with  any  certainty ;  but  of  the  interval  now  OB 
cussion  many  leaves  of  raoord  have  bean  recovered.    Th 
hriuinl  to  e  i  ofaune  or  ohapti 

1  shall  reganl  the  IVrrnian,  therefore, a*  essentially  a /. 

its  rock  ig  the  period  of  eommotton;  ita  fosril 

types  are  rn  i  state  of  ohange,  though  more  nearly  allied  to  the  1'ahe. 

osoio. 

Prom  what  has  just  been  said,  it  will  be  anticipated  that  tho  uncon- 
formity of  tho  UeSOSOfa  on  the  Pulteozoic  sometimes  take*  place  be- 
tween the  In',..-!  Mesozoic  and  the  Permian,  and  sometimes  between 
the  Permian  and  the  GoaL  The  Permian,  therefore,  is  sometimes  con- 
fonnable  wit!  the  I  oal,  as,  e.g.,  in  this  country,  sometimes  conform- 
able with  the  Triassio,  as  iii  England.  It  thus  allies  itself  rtra 
eally  sometimes  with  the  Paheosoic,  sometimes  with  the  Meooi 
Paleostologioally  it  is  I  to  the  Palaeozoic,     i 

hah  Section,  and  the  history  of  opinion  concerning  it,  udminihlv  i] 
trate  this  point.     Fig.  587  is  an  ideal  section  through  the  1> 

the   Coal    an 

Bssic  (Lover  Meso- 
zoic)   of 

■ 
bly  on   the  • 

f  the  Cool, 

b,  there  is  seen  a  eontinnons  and  perfectly  con  form  ahh 
n.    Tin-'  serie  >vcr,  is  lithologically  charaotarixed  throughou. 

especially  the  lower  part,  by  frequent  alternations  of  Red  san 

and  therefore  haa  been  called    \'nr  Red  sandstone,  to  distinguish  it  from 


! 


Fta.S87. -(Atari,  jell.) 
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>uiaut  wfc.1  aB<  i    I  lid  Red  sandstone.     Ii  is  farther 

distinguished  throughout,  especially  the  upper  part,  bj  vath  ^alea, 

and  therefore  culled  altogether  Poikilitic  group.     Jt  is  also  < I i - 1 1 1 1 - 
■  hod  throughout  b  ■  <■  of  ••-alt,  and  therefore  oalled  On 

i/trout  group.    Here,  then,  there  wen  the  strongest  reasons  for  re- 
garding tin-  wlml  group,  distinctly  separated  by  unconformity 
d  the  underlying  Coal.    The  upper  pattof  Oris  continuous  series 
in   i  undoubted  Mosozoic  fossils.    The  Una  of  oneonformity  was, 

•fore,  naturally  believed  to  be  the  lim  Ao  and  Mi 

sou-.     I  ■  >-l  v,  tin-  lower  portion  |  barren  of  fossils.  t 

this  menu  of  oarreoting  tha  ttratignphic  oonolnaloB  was  at  first  nearly 
wanting.  When  fossils  were  discovered  in  sufficient  uumbers,  how* 
ever,  they  showed  n  greater  alliance  with  1 1 1 -. •  unconformable  Goal  below 
than  with  the  conformable  strata  above.  Time,  if  we  make  the  div 
between  Pahnosoie  an  i  I  no  on  stratigraphies!  grounds,  we  would 
find  it  between  the  Coal  and  the  overlying  strata;  while,  if  we  make  it 
on  paleontological  grounds,  we  would  have  to  draw  the  line  through 
the  mid.it  of  rim  conformable  strata,  O,  giving  one  half  to  :  weio 

arid  the  other  hall  to  tin-  IfeaOXOic.     The  lower  Palseozoic  half  is  called 
the  Permian.* 

Aa  a  broad  general  fart,  therefore,  the  great  commotion  which  is 

called  tho  Appalachian  revolution  took  place,  or  commenced  to  take 

place,  at  the  end  »f  the  Coal  period.    Hut  tha  fauna  ami  Hon*  wen  not 

ktelj      extermi- 

,  but  stn 
maintaining,  as  it  were, 
a  painful  amateaca  un- 
der changed  conditions, 
themselves  meanwhile 
changing,  until  complete 
and  i" 

was  re-estabUahad  with 
the  opening  of  tha  Mas* 
use  an 
ration,  the  Appala- 
chian rerolutii 
death-sentence  of  Palae- 
ozoic types,  but  the  sentence  was  not  instantly  executed.  This  transi- 
tion peri^  -ii  tho  aentenoa  and  the  execution  of  Pehnosois  types, 
i.i  the  Permian. 

Jt  ia  well  h-rc  to  draw  attention  to  the  fact  of  this  great  change  of 


n5 


§m  ■■"■ 


Ki«  wa. 


fit  :  ■■ 


Viu.  mi. 


fu  WA 


Fie».  M»-8M.-A»mic»*  Piknian  Fwaii*  Qatar  Mn-kli  MR. 
.  ilawnl.    (VW.   MtallM   IVrmlana.     5»   IUk»- 
welllaMTTa.     KM.  Pli-un>pln>riMiubcuiiealua.     VS.  A  U*»- 
wriipocl. 


•  I*  Qtnnanjr  Jt  i*  cloteW  allicl  rtrotlfrrapbicalljr  with  tic  Tritsdc,  and  therefore  by 
•  put  in  the  Mcmwcbc,  ami  called  lii/tut. 


We  have  given  the   bistOTJ  d  ehunge  of  opinion  in  regard  to  the 

Bng  !,  because  it  is  a  type  of  many  discussions  and 

gos  which  have  occurred  and  will  Btill  occur  in  geological  opinion. 

Area  in  the  United  States. — The  Permian  has  kni  found  iu  the 
Uni  -,  in  Kansas,  bordering  on.  and  conformable  with,  tin-  i 

act  thai  region  (itiup,  p.  887);  also  la  New  ifexioo  Bad  Western  Texas, 

and  probably  also  g  the  coal  of  Illinoi ;  |  <  ape).     It  gradates  .-. 

completely  into  the  npper  Goal measures  that  no  attempt  has  been 

le  to  separate  them  in  tin-  in:iji.  Until  recently  nothing  of  interest 
has  been  found  in  the  American  Permian,  except  a  few  shells  (Figs. 
i,  but  novr  a  considerable  number  of  fishes,  amphibians,  and 
reptilus  an  known. 

An  flteaaeatiry  treatise  like  this  BWflt  dw«  U  mainly  (mi  i  ulminating 
periods,  nnd  their  characteristic  tonus;  and  yet  to  the  pnllOBOJihiO' Stu- 
dent it  is  the  transitional  forms  and  periods  which  are  the  most  in  it  r- 
eeting.  The  Penman  is  pre-eminently  mob  ■  transitional  period,  and 
muny  transitions]  forms.  In  it  wo  havo  a  passing  away  of 
Palaeozoic  types,  a  coming  in  of  Mesoscfo  ty pus,  and  u  coexistence  of 
the  two  sido  by  side.  The  change  from  the  one  to  the  other,  there- 
fore, was  not  sudden  and  by  ex  terminations  and  recreations,  but  gradu- 
ally by  extinction  of  some  old  forms  and  modification  of  others  into 
■  l  I'll  the  new  form*  vert  thvi  <l  rivtd. 

The  main  features  of  the  Permian  life,  therefore,  were:  1.  A  lin- 
gering of  coal  types  of  plants,  such  as  the  Lopidod<  md  (  ala- 

m,  and  many  genera  of  Ferns,  but  extinction  of  Sigillarids  and 
increase  and  advance  of  Conifers   !<i   more  varied  and  modern  forms, 

•  as  Wai-iiia,  <.;iuk<»phyllum,  etc.  (Figs.  5t»3,  5M1).  &  A  lingering 
of  Orthooeraiitea,  square-.  ed  Braobiopoda,  mob  as  Prodnctai 

and  Spirifer,  and  perhaps  of  Goniatitee,  but  complete  extinction  of 
Trilobitvi  and  F.unptends.  3.  A  continuance  of  (inin>ids,  but  under 
■MTC  modern  forms  (Fig-1  ■)■     4.   Amphibian 

form  of  Labyrinthodonts  (Slegoecphali  of  Cope},  of  which  some  are 

modern  in  form  (Fig.  597),  but  Inn:  npKIm  ire  introduced  in  con- 
siderable numbers.    These  first  reptiles,  as  might  have  been  expected, 

ironderfo  sad  in  structure.    Thoy  connect,  on  the  one 

hand,  with  Amphibians,  from  which  they  were  derived,  and,  on  the  others 

with  tho  lowest  Mammals,  to  which  they  gave  origin.  On  account  of 
this  connection  with    Mammals,  Cope  has  called   thorn   Tlwromorphi 

i     Tim-,  then,  we  have,  at  this  time,  Stag 'phnli,  oonno  r- 

■id  fish  with  reptiles,  and  Therotnorphs,  connecting  Amphib- 
ians  with  Mammals.     This  is  showu  in  the  following  schedule  : 
■m^.. .    _i  ,  \  Monotrcme  MammaU. 

■^-•pwi \%£!*~ 
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CHAPTEB  IV. 

MESOZOIC  ERA— AGE  OF  REPTILES. 

in     I'll  mooio  era,  we  have  seen,  vu  wry  long,  and  very  direrai- 
Bed  in  dominant  tg  mulsand  plants.    It  was  daring 

n<  lies,  and  oven  eab- 
Lches,  "i  l  mi.     w  i  have  during  i: 

three  u-rv  ili-t  iii.-r  agei  !  an  age  "f  I nvrrti-hrati-.s,  an  age  rif  Pishes,  and 
au  ago  of  Acrogens  ami  Anijiiiiniuns.     The  was  far 

and  far  lass  diversified  in  dominant  t  %■  ]  n  -  - .    i 
xh.,  the  age  of  Reptiles.     Never  in  the  history  of  ;  lit-  earth, 
etnas,  did  this  class  reach  so  big  il  in  numbers,  variety  of  f 

Off.  elaratioa  in  tin-  scale  of  organisation. 
General  Characteristics.- -The  gas 

an  an  the  cvtninalion  of  tfu  i  bu  -  ij/  Rsptffai  among  animal*,  ami 
of  Oyeadfl  among  plants,  ami  tin-  firti  appearance  "j  ■ 

OBeeon-;    li-lus),   Bints,   M/n/uiuiln   among   animals,  and  of   Palm*  and 

l>it>>tyh  among  trees. 

Subdivisions. — Tin'  Bfesosole  era  la  divided  into  Ihree  periodi 
l.  Mauic,  bseajHB  of  Ita  threefold  development  ^hc-ro  first  bi 
<;  naany;  "<?-  Jurjmie,  beoanse  <>t  the  splendid  development  of  iu 

i  in  Hi'  Jnra  ICountains;  :'•.  Cretaceous,  because  the  chalk  of  Eng- 
land ami  F  ramie  belongs  to  1 1 1. i a=  prriud. 


Ifeaocoic  Km 


fa.  Ctviacouut  period. 

2.   Jurusric  |K!rloJ. 

[_  I .  TriMnie  period. 


In  this  count  rv  the  Triassic  and  Jurassic  art*  no1  6eps- 

rableas  fchsy  an  in  Europe,  nor  aa  I  from  thai 

form,  in  fact,  one  aeries,  and  if  the  M<  ■■  1  first  in 

this  oountry,  the  whole  would  probablj  have  been  dii  ■ 
periods.    Wfl  ihaU  therefore  ap 

consisting  of  two  periods,  viz.,  the  Jura-Trios  and  the  Oretaoaona   On 
aocouni  of  their  fuller  development  in  Euro  :  In-  beat  ho  f\x»k, 

first,  of  the  Trii  '.  then  of  the  •  king 

our  illiistraiiniH  mainlj  from   European  m>uroea,aad  than  of  theJonv 
Trias  in  America.     Also,  cm  ai'tuiml  uf  the  comparative  p  :'  the 

Trias  in  remains,  we  will  dwell  much  lose  on  th  I  than  on 

subsequent  Junuuic ;  for  in  tliia  latter  period  ealminated  all  the  dis- 
liuctive  eharaoten  of  the  Reptilian  uge. 


TR1ASSIC  TEIilOD. 
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Aa  already  ibatod,  i\«-  Tri  irate  aro  always  unconformable 

with  the  (  Dal,  end  the  period  opani  with  a  fauna  :uul  flora  whiillv  and 

strikingly  different  from  the  preceding*     In  some  place*,  hewerer, 
.ill  an  intermediate   M-rw>.  tlie  l'.rniiun,  sometimes  con- 
formable with  the  L'oal  and   iiii.'iint'uriiialili'  will]  the  Trias,  sometimes 
ibis  wiili  Um  Trias  sod  onoonfbrmabla  with  the  Coal,     h.s fauna 
flora  are  also  to  sonic  ••M'.-tii  j  ■  nearly  al- 

lied to  thoee  of  the  Coal.    The  exphuiatioi  ofthii  be  already  been  git 

Subdivisions. — Tin-  subdivisions  of  the  Triassic  rocks  and  peri. 
several  ooiral  ow : 


GlMM«. 

Fn  ■ 

■MUM 

3.  Kaopoa 

1.  Kualer  Sond-lcin. 

Marni!  Ultei 

•    Hfadkaft. 

Qrit  bigarr*. 

Varii'jjmtcd  marl. 

Wad 

Upper  New  Red  wuidetoac. 

Fla*.9M.  Kin.*'" 

Pin*.  »*«••  ri.«ir»ii»  *xi>  Cttaim  (afn-r  Nlihnlwin):    MM.  Volt  x  in  In  t<r<mli>ii»,  % 

ccwifcr.     M*  flc*ut>b;lluu  Jirg<.-ii,  »  tycid.     WW.  JVjdoJjimiU*  Enuiiou.1.  *  eye*!. 
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Thfl  jforu  of  the  [Trias  it  very  imperfectly  known.     We  find,  how- 
ever,  no  longer  the  great  coal-making  tx  rbouiferous—  E 

illaricjjj,   Lepidodandrids,  end    falamites —  thoagh 
Tree-ferns  still  continue  in  abundance,  but  of  differ- 
ent types  from  those,  of  the  coal.    The  forest-trees 
seem    to    have    been   principally  '/'. 
and    Coni/frs,  although  tlu>  last  two  did  not  reach 
their    highest  development    until    tho    rnrx; 
Vox  this  reason  wo  will  put  off  the  fuller  ducu 
of  them  until  wu  come  to  that  period. 

Animals. — Among  Eohinodcran  we  find  no! 
any  Cystids  and  Mastoids;  but    Orittidt,   beautiful 
nil/  Vnorinitte,  with  long  plomoM  bids,  m 

abundant  (Wg.  601). 

Among  Brarhiopixh  the  familiar  square-shoiil- 


i*j'-i 


Flu.eot.— EncrlniiB  lilifonnli. 


Flo.  MS Aapidura  lorlcmu.  »u  tumid. 


dcrod  forms,  including  the  8pirif$r  family,  th  .  mil 

the  1'rodrirtnx  family,  are  almost  if  not  wholly  gone;  only  ■  fen  8] 
fers  remain.     Imong  Oephalopodt,  we  find  no  long 
Or  Hon; ciihs,  bat   Ctralilc*  (Fig.   t!00)   take   their  place,  tmtt- 

nittt  begin.     In  Ooratites,  tho  Kiuure  is  more  compl  nia- 

titr-i,  hut.  not  si)  comploi  as  the  subsequent  Ami Vmong  ( 

we  find  no  longer  JYilobiiet  nor  huge  Euru  Mat- 

rourant,  which    legao  in  the  I  wboniferoua,  an  now  more  abundant, 
and  of  more  modern  forms  {Fig.  610), 

Insects.— As  already  seen,  all  the  hexapod  insects  of  I'uheozoi 
long  to  one  family — the  I'alaodiotyoptora — bul  this  was  a  generalised 
type  connecting  the  three  lower  existing  orders,  vis.,  Orthoptwe,  N 
ropri  1 1- 'inipters.     Now,  with  the  opening  of  the  Tri.-i-t.  we  lisve 

those  tlueo  orders  distinctly  differentiated,  and   Coleopters  (beetlts) 
added  (Fig.  611).     But  still  the  sucking  insect*  are  vantii 

Fishes. — Among  fishes,  still  we  liml  no  Teleo*/*,  on!  <  G       ids  and 
FlueoidH;  but  while  the  <innoids  are  .some  <if  thnu  be  V0r* 

tehr.M  1  like  the  Palwozoic  Ganoids,  some  are  onlj  slightly 

tebratwl,  and  some  wholly  non-vertebrated-tailed,  or  bomocaraL     The 
Gtratodus.a  remarkable  genua  <>f  Bshea,  one  species  of  which  still  lires 
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in  Australian  riTore  (Fig.  438,  p.  888),  h  bttOed  buck  to  ttrispai 
Being  known  in  u  fiwail  state  only  by  the  curious  palatal  to 


Fat,  m 


m  m 


j-i. .....'.. 


Fie:.  (107. 


Fin.  1*. 


Fin«   W  (i»  -  1  ivi:  i  'Hi  Ufl  u.      •'.  r  \  i  I,..!. ■  .1    •  i'.h  I    1  ■!..  1  >.  1: .<•  LMUBClll    '"I    lv.--:i-ii  Vnl.nu- 
mai*.     V&.  M}<ji/  ■..,  Ulix-llcimi.    |WJ.  AilcoltcoBlorta,    CW. 

.  it  baa  heretofore  been  cloned  with  Plaooidn.    Tin-  Plaooidi  arc? 
.  C«*trachnU  (Kg.  td  partly  IfyfafalA  (Fjg;  614). 


Kio. Blti.     IN  "..'"    -  Boeartl 


r  ■  '■■'■     '■•■!    '  •  ■  "■!•  ■  ■  •• 


|.UT«.|jhjlli(anrt  Iter). 


'Utr.—'Vhi-  reptiles e£  1  nperfeotlylcnoini.   They 

belong  mainly  to  four  orders,  viz.:  I. 

(huaki-d  -  3.  An  i  (lawless-h  .  ..<  <i.   I.  /'/■■ 

I  (beast-toothed).    The  lost  two  are  6om  in  one  <■ 

— Theromorphii.    The  Labyrinthodonta  are  found  also  in  the  Garb 

ian;  but  the  other  throo  orders  are  chs  .oof 

nun,  mi '1  therefore  of  peculiar  interest, 
27 
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iViaesic  strata  of  certain  tracks  mado  bj 
a  clumsy- footed  animal  (]  .  which  was  at  Orel   mistaken  fo 

main  L  called  Gbeirothoriiun  (haml-buist).    lis  true  uatarewsj 

mado  known  by  Prat  Oven,  who  called  it  LAbyrinthoci 

The  i.hed) 

had  jaws  01  ill  born,  : 

toisvs  and  birds,  sometimes  tooth] 
as  in  Ondenodon  (Fig>  621 ),  and  lome- 

tiine-  with  tWO   '  nines  diiI'. 

in  DiovriiMltm  ( l-'i-.  <i;'i»>.  T1m-*c  ren- 
tiles  were  of  gnat  sis*.  The  head  of 
tin'    Dicyuodon    ttgrioflps    W6S  tw.-nty 

Inohes  long  and  cighta  d  inches  ■  Ids. 
ThoA&yaaotourahad  itraigly>hoofcod, 
homy  beaks,  like  thai  of  a  parrot  ( Fig, 

'■  ii).     'l'hc  curious  reptile  Kplieiio. 

don,  or  Hiiticriii,  i.f  \.-v\  Zealand  (Fig. 

088  o),  u  the  naanat  living  alls. 


V 


tn  '■■■-. 


vu.  us. 


ttot.  01 T. «5t«*  -Tuuw  XUnr.  i  >.:T.  Ttt  Hi  ol  [Abjrttelhoioa,  n»lor»I«l»o. 

■  I  hup  of  iuuik  culnrvwl.  sliun.i 

■it-toothed)  are  so  oalled  on  amount  of  the 
resenililui  to  those  of  the  lowest  uud  Sadies!  mammal*. 

The  following  arc  the  main  points  of  mswmhlanw      i  aro 

Urae  seta,  vi/.,  incisors,  canines,  and   molars,     8.  The  canines  arc 
much  larger  than  the  oth«  re,  and  Bepnnted  from  them  I  •  a  wide  q 
(dissteaui).     >■  The  n  i-th)  are  in  many  cases  not 

like  ri-jitilirin  teeth,  bnl  have  oonunsnoad  to  develop  cusps  (Fig.  I 
like  those  of  mammals,  especially  the  curliest   tsTssosoio   ronmnvila 
(C«m|K»re  this  Bgure  with  Fig.  ?11.  }>.  449.)     Theoaninae  of  some  of 
the*?  Thcriodonts  have  been  found  flvo  and  six  inches  long.     A  largo 
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number  of  then  animal* — as  also  of  flu  prevSooa  order— have  bean 
f. iimi]  111  the  Karoo  beds  uf  Smith  Africa,  and  de  i  Prof.  Oven. 

Birds. — No  birds  bate  vet  boon  found  in  the  rtrata  of  the  t 

•  •«  we  except  the  so-called  bird-tracts  of  the  sandstone  uf 
the  Oonoectient  Vallej  and  elsewhere,  which  w.  will  discuss  fartbet 

on. 

Mammals.— Remains  of  two  or  three  matt  wwestftwo  Bptab 

in  found  in  the  appermoal  Triaa*i< ,  both  of  Europe  and  of  the 
-ita-tea.     Figures  of  a  tooth  of  one  of  these,    '/,      < 
,  are  gj  035).      The  of   th«   mammals  of  the 

Triaane  m  and  fragment- 

ary that  it  is  difficult  to  make  mil 

affinities,  hut  it  is  probable 
thai  they  were  a  generalized  type 
connecting  marsupials  with  the 
still  lower  monoiramee  and  both 
with  Theriodont  Reptiles.  But  us  those  are  found  in  very  small  uum- 
bersand  only  in  the  uppermost   I  .  and  M  similar  imimalH  are 

found  En  much  greater  nnmbera  in  the  Jurassic,  it  seems  hot  i 
thcMi  u*  anticipations,  and  to  pat  of!  Che  further  discussion  of  the  utlini- 
tiesof  thi  mammals  antil  we  take  up  that  period. 

Ifaminala  probably  preceded  Birda    This  U  not  a li^a remarkable. 

But  it  must  be  remembered  th.it  It i wis  arc  very  closely  allied  to  Rep- 
tiles, and  may  be  regarded  as  a  offshoot  of  the  reptilian 
branch. 

Origin  of  B0efe.fi 
rock-salt  nor  coal  \*  nm fined  to  tlio  rooki  of  any  parti 
age.     Both   have   been    formed    in   every  HgOJ  both  KTC  forming  now. 
ie  subject  of  the  origin  of  ooal-deposits  KM  ilisruswd  in  cm- 
■  with  that  age  during   which  it  was  accumulated  in  the  greatest 
idance — tho  Carboniferous — so  the  origin  of  roakx  I  dis- 

cussed in  connect  ion  with  I  tied  Salii arena  or  Triaeaio. 

Ag8  of  Rock- S&lt- — As  nln  ruck-sal  I    i  in  .<trutn 

tod  ie  forming  w;\.    Moreover,  there  is  no  period  which 
deserves  the  name  Saliferous  to  the  same  extent  that  the  OarbonlfeJ 

irree  ita  name.    The  sail  "f  Syracuse,  Naa    fork,  hi  found  in  the 
Tpper  Silurian;  that  of  Canada,  wbioh  ezista  in  ii  HKt 

found  in  the  Upper  Silurian  or  I..  ■  aian  ;  thai   if 

Penn  i  is  Upper  Devonian;  of  Southwest  Virginia  is  sub-Car* 

ia;  that  recently  discovered  in  Kansas  i*  in  the  Trias;*  that 
•f  Petite  An  i.ina,  is  uppermost  Cretaceous  or  lowest  Tertiary 

(Hilgard).     In  Europe,  the  English  salt-beds  are  Trie  daman 
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beds  Tn  i  Jurassic;  the  celebrated  i'olish  beds  at  Cracow  or* 

Tertiary. 

Mode  of  Occurrence. — Bait  occurs  in  immense  fab  of  pan 
orelseimpii  strata,    ii  i.-  obtained  bj  direct  rah 

boiling  down  tha  naline  waters  either  of  natural  springs  or  of  art 
wells  sunk  int. i  iln-  salt-hearing-  strata.  The  farther  explanation  i 
mo  l'  of  on  wit.  nee  is  best  and  most  coral  i  o  bj  comparii 

with  i 

1.  Like  ooal,  it  occurs  in  isolated  ba.-i  these  ai< 

limited  than  the  gnat  ooal-flelda    X  Like  coal,  it  is  Enteral 

with  i  •hr..-,  the  whole  poated  often  many  times,   hi 

iiupir,  there  are  found  seven  salt-beds  in  the  same  ax- 

tion.     In  R}Yen  beda     I.iko  ooal,  also,  each 

bed  is  usually  underlaid  with  cla.v.     :5.   Bui  it  differs  from  ooal 

beds.    In  Oanada  the  salt-be. 1  is  LOO  feel 
•  ii  ).*    In  Cheshire,  England,  there  are  two  beda,  one  100  feet,  tk 
other  BO  feel  thick,  separated  bj  80  feel  ol  shale,    .\i  fitnmfnrt  a mh 
bed  baa  been  penetrated  1,000  feet,  and  the  bottom  not  yet  rmchnM 
The  Berlin  salt-well  i.-  4,178  feet  deep,  and,  ox  opt  the  up] 
penetrates  solid  salt.  J    4.  Recollecting  tha  somewhat  limited  <• 

.  It  ii  evident  thai  Bait-beds  tkin  out  far  more  rapidly  .than  eatl. 
The  English  salt-beds,  thin  out  fifteen  Feel  per  mile.    I 

alt  In  lenticular  flMMftl.     6.  Coal  i 
aoteriRtic  valuable  iiceompiiiiinicnl  in  iron-bedt,  salt  in  beds  of  y 

as  eoatmeajOZM  consist  of  repetitions  of  sands,  clays,  occaaotul 
limestones,  with  valuable  beda  of  coal  and  iron-ore  many  times  repeated, 
BO  -ali-in.  Ml  ■  stones,  with 

valuable  beds  of  salt  and  n  man)  times  repeated.     G      urn-tali 

are  often  entirely  separate  from  salt-beds,  but  each  salt-bed  is  ap 
Underlaid  bj  gypenm.    ii.  While  coal-measures  arc  remarks 
abondance  of  organic  remains,  both  vegetable  and  animal,  sult-roe**- 
dj*s  are  eqtuUly  remarkable  for  extreme  |  in  this  respect.    Tbr 

prr.M-itee  of  these  remuiiM  in   the  one  case,  an  i  their  absence 
other,  are  the  cause  of  the  differcn 

CoaI>meaenre  eandatonee  are  white  or  gray,  being  leached  of  their 
oxide  of  iron  by  organic  matter.     Salt-  measure  sandstones  are  usual/ 

ml,  the  iron  being  diffused  as  coloring-matt. sr. 

Theory  of  Accumulation.— We  bave  already  teen  (p.  BO)  thai  all- 

lakes  are  evaporated   residues  of   i  r.<  r-watrr  or  sen-water   in  dry  ott- 
mates,  and    are    now,  most   of   them,  depositing  salt;  also,  that  ft* 

•  American  Journil  of  Science,  »ol.  t,  p.  882,  18*8. 
f  Bbebor,  Chemical  Gcolocy.  «>1.  L  p.  S8S. 
j  Katm*,  v.,1.  w.  p  M0j  1ST". 
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t  evaporated  deports  first  gypsum,  then  salt :  also,  ti 
posits  of  suite  an<l  gypsum  alternate  amtoallj  with  sediments  of  sand 
ami  day — the  nit  01  gypsum  deposit  representing  the  drj  season,  and 
the  i  is!  deposits  representing  the  season  of  floods,     It  is,  Ehere- 

.  natural  to  look  In  thtK  direction  for  an  explanation  of  salt  and 
gypsum  deposits — to  think  that  wilt-basins  BM  dni'.l-iip  . 
But  the  immense  thiokness  of  the  bed*  plainly  shows  that  there  must 
have  bet-n  important  modifications  of  this  process.  It  is  plain  that 
the  alternations  «f  salt  and  Bodiuientary  deposit  wnv  not  annual  but 
ssmlsr. 

The  condition!  under  which  salt-measures  were  formed  are  not  cer- 
tainly known,  I. nt  most  probably  they  are  s  dry  climate,  o  low  coast, 
with  bordering  salt  lagoons  or  bays,  partly  out  off  from  the  s*>a  by 
bars,  subject  in  intense  eva]  sad  resnppHed  with  salt-water  by 

tides  or  by  wind.-*,  or  perhaps  at  loSgOT  intervals  by  crust- movements. 
It  is  easy  to  iimi^iim  lmw  salt-measures  with  their  alternation  of  gyp- 

■:.  salt,  anil   sediments,   may  thus  have  been  formeil.      Wi    luiu 

smples  of  the  pre       so*  going  an,  on  the  east  shots  af  the  Caspian 

Sea,  where  salt  has  been  depositing  for  ages,*  even  though  Um  water 
ot  the  Caspian  is  mnoh  fresher  than  that  of   the  ocean.     On  the 
hand,  it  seems  to  as  that  the  recent  observations  of  Gilbert  and  lltus- 
seil  on  the  deposita  of  the  great  dried-np  lake*  Lshontan  and  Honne- 

pl  the  Basin  i  (p.  666)  throw  much  lighten  this  sulij.'ct.  iiiul 

tha'  banomena  of  these  deposits  ire  probably  have  at  least  an 

additional  method  in  which  salt-measures  may  bo  formed.     Thcro  is 
abundant  evi  •    <    1  ■  k. ■    luwo  tilled  and  dried  up  and  left 

beds  of  -al'.  murr  Hum  vn<>\  ami  that  at.  eaeli  riddling  the  hike  com- 
fatt .     The  i  i  i  i  .i  \  luii  t'lv  ns  follows  :  The  great 

lake,  at  first  fresh,  gradually  became  saline  and  finally  dried  away, 
leaving  a  thick  bed  "f  salt.    This  salt-bed  was  then  covered  by  the 
washing  in  of  fine,  impervious  clay,  and  thus  protocttil/h) 
rficn  tin'  Mr  /•■-f'Tuiaf.     This  process  was  repeated  in  the  caaoof  Lake 
Lahontnn  thl  -that  is,  there  arc  now,  >><>n.;it l,  the  -mi  1  ikes  of 

in,  two  beds  of  salt  separated  by  day,  and  the  third  deposit  is 

forming.  Salt-bids  are  now  reached  and  worked  in  many  places 
of  this  region  by  penetrating  the  Que  clay  which  marks  the  places  of 
the  old  lakes.) 

In  tin  deposits  of  salt-lakes  or  saturated  lagoons  we  would  not  r\- 
pnet  to  find  many  animal  remains,  but  the  tracks  of  animals  alonjr  their 

•  OchinuiM,  Proceedings  of  tho  Academy  of  Natural  Science*.  Philadelphia,  IB88, 

•f  Gilbert,  IaIco   BflNi^vilto,  W1i«c1«r>  Snr\. -y,  v,.l.  iii;  American  Journal  of 
ml.  ml,  p.  354,  1884 ;   Rw-teW,  Lake  LaLutii&u,  Mcjuugm|ih  ol  Baited  .Suics  Geological 
,-,  rol.  XL 
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muddy  shores,  as  also  sun-cracks  and  rain-prints,  would  be  found  as  on 
other  hhores.     Alow,  although  in  the  strata  associated  with  anl< 

remains  an  run'.  shore-murks  of  nil  kinds  are  eommon.     Thai  de- 

I  of  gypsum  and  suit  muy  be  taken  M  tVtdtnc*  of  dry  din, 


Bianoa  •-■- — fvuxmao  Pbuod. 

'I'liii  is  ilir  i - 1 1 1 1 m i ! i : r t i n ;_'  period  of  tin-  Mesozoic  era  and   hVptiluui 
Jn  it  all  the  cli  stica  of  this  age  reaob  their  hi 

velopment.     We  must  discuss  this  somewhat  mora  fully  l li;»t»  the  last 

The  htr;:  big  to  this  period  aro  magnificently  develoi 

the  Jura  Hoantaina,  and  benoc  the  name  Jurassic.    These  moai  I 
aro  an  admirable  Btaatnttaoxi  of  Ibe  manner  is  vhiofa  ridges  and  rail 

B are  formed  by  ih 

ing    of    etn 

in    fussils  of    this  pe- 

I    IMI.I. 

i-h   geologist* 
oall    tin 
(egg-stone)  on  account 

of  the  abundant  oc- 
oorrenoe  in  that  coun- 
try of.!  |.rciil::ir    limi'slnuc  oonijiomtl    often   wholly   of  Email,   rounded 

gniinB  like  the  me  of  a  fish.    They  dividi  the  wnok  period   into  three 
epochs,  viz, :  1.    Lias;  ■'..  OSliti  iproppf  :  8.   H  They  also  sub- 

divide the  Oolite  proper  into  Lower,  Middle  and  Uppvr  Oolite,  asp*- 


, 


■  in  .iT  tin    .lura  MnnntaillK. 


t/iwr 


Middle 


.i,-,'hi.-. 


1. 1«*. 


OxfoM  01*3 
Km.  027. 


Kiiiiniertdce 

oiv. 


Oaalu 


rated  by  intern,  n in •_,-  Oxford  and  Kimmeridge  days.    All  the?*?  divis- 
ion! and  rabdirinom  an  well  shown  in  the  following  eeotion  pawing 

from  London  westward.     This  section  is  Inl  not  only  as  exhib- 

iting all  the.  ilni  inns  and  subdivisions  of  the  Oolitic  period,  but  ato 
a-  allowing  their  conformity  among  thi  and  with  the  i 

chalk,  and  the  unconformity  of  these  with  the  overlying  Tertiary.    U 
also  ahows  how  parallel  rldgea  and  intervening  hi  ire  formed 

tin  outcropping*  of  a  seiioa  of  strata  alternately  hard  and  I 

Origin  of  Oolitic  Limestones.— Thee©  are  oompoaed  of  i  -rsin» 

witli  oonoentrif  struotnr.'.      Wo  have  already  seen,  page    156,  that  M 
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uhorwaKmil  of  send  ii  formed  by  the  action  of  waves  on  frag- 
ile of  coral  and  shells.    These  fragment*  08  rounded  by  attritJ 
bo  often  enlarged  by  deposit  of  ooncentric  layers  of  lime  from  tin; 
irated  BG  Bad,  finally,  <•.  m.  j;i.  i  by  the  same  into  fa 

nine  Hiioh  way  oolitic  limestones  li:ivr  ben  formed  in  ill  geological 
oda     Wt  '•■"•  flinlc,  therefore,  that  in  Jurassic   lim- 
reefs  existed  where  England  now  stands.     In  the  Jim  Mountaini 
believed  that  the  remains  of  fossil  circular  reefs  or  atolls  of  this  period 
are  still  <l  '<    i  II  i  i  i. 

Jurassic-  Coal -Measures—  In  the  Jurassic  times  wo  have  i 
on  a  large  mole  the  conditions  favorable  to  luxuriant  growth  of  plants, 
and    fur   t tnir  accumulation  ami    preservation    in    tho    form  of    COOL 
H.-iiic  in  many  countries  we  have  Jurassic  coal-fielda     'I  liod 

belong  the  York -hire  coal  of  England  ami  the  Brora  coal  of  Scot] 
To  this  Of  the  prei  looa  period  belong  the  coal-fields  <if  North  Caroline 
ami  Eaei  some  of  tho  ooal-fieldi  of  India'"  end  China 

fine  cool-measures  of  New  South  Wales,  Australia,  «-«■-.  ■ 
•  of  20,01)0  square  miles,  are  portly,  though  not  mainly,  Jurassic  DX 

i  -«ic,  as  are  also  tho.-"  of  5onth  Africa.    •'  osd-measurca  have 

a  general  structure  similar  to  those  of  the  I  arboniferona     I 
latter,  they  consist  of  alternations  of  sands  and  clays,  and  occasional 
Umestones,  containing  mwnw  of  coal  and  beds  of  toon-ore.    Th<  ii 
ore  too  is  of  the  same  kind,  sia,  clay  iroa-s/ona    We  find  here  also 
and'  with  stumps  and  roots,  ami    roof-.-Jiales  filled  with  leaf- 

impressions.     It  i*  fair  to  conclude,  therefore,  that  the  mod©  of  accu- 
mulation mi  similar  to  that  already  described,  via,  In  marshes  tnb 
io  oooasiooal  flooda    Jurassic  coal,  thongh  perhaps  inferior  a-  a  ircm-ral 
rale  to  Carboniferous,  i- often  of  good  q    llil  ning  in  thick  and 

le  scams. 
Dirt-Beds— Fossil  Forest-Grounds. —  Pool  seairn  with  their  ander- 
re f ossil einint.  -  ;  dirt-b<  (till  or /orw/- 

The  one  gradua  nsildy  into  the  other,  and  both  are 

occasionally  (bund  in  .ill  strata,  from  the  Devonian  upward.    In  the 

of  England,  at  the  I  le  of  Portland  and  ic,  there 

man  interesting  example  of  such  a  fossil  forest-ground  with  the 

amps  an  iuy  roots -still  in  «itu,  though  siUcihod,  and 

the  1  sflicifled,  still  lung;  on  the  fossd]  soil  (Figa  K  It 

rident  that  the  sequence  of  events  at  this  place  in  Jurassic  times 

was  as  fo  i ace  was  sea-hoM,,!,,,  and  received  sedinu-iit 

which  oonsolidated  into  I 'mt land-stone.    '■!.  After  beiti-,'  flooded  an<l 

ir-deposit,  ii   was  raised  to  land  and  beoame  fo> 


•  The  pl«nt-i-    If  ol  India  i<;  >inUan»  acriee  of  Indian  jttutozfoU)  »r*  Permian  to  Ju- 
rmaoic  inclusive. — (Manual  of  Iniiiun  deologr  p.  102  a  ttq,\ 
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ground,  covered  villi  bM  ami  otlu  n 

the  decaying  loaves  of  which  accumulated  as  a  rich  and  thick  vegetable 


— ^nr^ 
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Fin.  0J8.— Section  In  tin:  Isle  of  Portland: 
a,  nin-bed. 


Flo.  030.— Znmla  spiralit.  •  L'  '  AmtmlU 


mold.  9>  It  became  Boodad  with  fresh  water,  and  tht  trees  therefor* 
died  inn]  rot icii  to  Bttunpt    a.  The  whole  gronnd,  with  its  stamps 

.  became  covoiv.]   mill  mud,  which  hardened  into  slates.    5.  Fi- 
nally,   the   whole    wus 
raised   into   high  land, 

ami    in    tlu-    first    figure 
(Fig   638)   tilted    at  a 
[arable  u 

Thus,  we  have  here 
not  only  an  old   6 
ground  with  its  vegeta- 
ble mold,  but  a\>"'  the 

stumps  iiinl  logs  of  the 
fcreea  which  grew  there, 
still  in  place;  and  closer 
examination  easily  detects  the  kinds  ol  trees  wl  i   in  the  formal 

Plug  an  OyauU  and  Vonij  t  (Pi  130,631  and  635-488).  Still  fur- 
tln-r.  there  in  good  reason  to  believe  that  the  remains  of  some  of  the 
animals  which  roamed  thi  ta  have  also  been  found,     of  then 

we  will  tpeali  in  their  proper  place. 

Plant*. 

Uthough  the  conditions  under  which  coal  was  Booamnlalad  were 

probably  similar  in  all  geological  periods,  yel  the  kinds  oi  plants  out  "f 
which  the  coal  was  mode  varied.  As  already  seen,  tho  principal  coal- 
plants  of  tho  Carboiiifei'i.u-  period  were  vascular  Cryptogams,  u 
ooutrary,  the  principal  coal-plants  of  the  Jurassic  period  ware  /Vms, 
Ci/'t/'l*,  mu]  Conifer*.  The  Jurassic  may  be  called  the  age  of  (it/in- 
nwpermt,  as  the  Carboniferous  was  the  age  of  Aorogena.  i  '•  ■  Qjm- 
nospi'i  in-.  i-[».'ei.ally  tho  family  of  Cycads,  t  highest 

development.     This  is  shown   in  diagram  on  i 
(Fig.  681)  and  short  stems  ol  Cycas  and  Zinnia  (Fig.  638)  are  found 


Fio»  mi '•■       '  'Imi, i  c |,ii,i,.i. CreadV  ttk 

I  '-lumyana.    «w!  fii'hyplcn*  laucculaU.     OMf 

if..--     «'.T-    Cwiir  <>f   •  l'liic.     BfH.  i  i>nr  of  &n  Anuc*ti». 

Hon  with  the  ooal-beariQg  strata.    Itisprob- 
aWc,  therofora,  that  the  eoal  ia  oompoetd  largefy  of  IhtM  plantc.    Some 
lo  plants  are  givou  (Figs.  i.i31-030),  ami  also  of  liring 
i.  for  compuri 


Flo.  BS7.— Cjeu  i  "f  the      Fjo.  888.— Sum  of  Cyr*JtoiAn  bk^Ii- 

Mulnccaii  -in),  iihvtln,  *  i 

Echinoderms,  i In-  I'riniih,  or  plumose-armed  Oinoids,  an  >un- 

dunt  inn]  •■• ;}  lic-iuiiftil ;  in  fact, the;  seem  to  have  reached  their  i 
est  point  in  abundance,  diversity,  and  gracefulness  or  form  1 1 
f.-H).     But  tin-  tree  forms,  Echlnoida  and  Asteroids,  an  nail* 

abandanl  (Figa.  642-644). 

Brachlopodsuro  mill  abundant,  though  far  less  so  than  former]} 
they  now  belong  almost  wholly  to  the  modern  or  ilopinj 
type*,  such  as  Terelinitula  ami  I f  1 1  _\  m -lum.-i l;i.     Only  a  \ory   few  small 
nun.-  of  tin'  l':i  typo  linger  until  tin:  i. 

Lamollibranchs,  or   common    bivalves,    are    extremely    aborj 
Among  tin-  I'omtnon  and  characteristic  forms  are  Trigonia,  « 
and  Exogyra,  belonging  to  fchi  amity;  and  the  Btmngelj 

Diceras  (Pig.  64$),    It  is  inter-^ti  the  first 

appearance  of  the  genus  <>strea  (oyster). 

Cephalopoda. — One  of  the  most  striking  characteristics  of  the  Juras- 
the  culmination  of  ihu  class  of  Ccphalopod 
,■/ i.vr .-////  of  forms, and,  if  we  excopj  -nine  of  the  Silurian  Orthoc 
titea,  in  size.    They  were  represented  by  tin  and  the  Bo- 

nites,  the  our  hrlonging  to  the  order  of  Tetrabrancl 
tin-  other  to  the  Dibrancha,  or  naked  Ci ;  ft  is  imports 


Ammonites. — Tin-  Ammonite  family,  .whion   U  distinguished,  a* 
already  explained  (p.  318,),  by  the  dorsal  position  of  the  nplnmck 

and  the  complexity  of  tho  suture,  Ea  represented  in  extra 

danee  by  I 
genua     i 
About    500    B] 
of    litis    genua    am 
known,   rangi 

time  from 

do  through  Ihi 

IS.  Till 

therefore   obai 

Meso- 
ioia     They 

in    shape. 

and  in  bum  from  half 
9».m~Mmm«smwmftmrauu.  M 

more  in  lbs  accompanying  figures  repra 

tries. 
I  ri  the  geani  Lmmonttos  the  distinguishing  oharacter  of  the  family, 
wis,,  the  i  niMjiIexitv  of  the  suture,  reached  its  highest  point    In  tab 
Igeof  the  which  was  only  tagz  G  nd 

tobed  in  tin'  i    ratite,  becomes  most  ^luhoraudy  frilled     \\  <■  gin 
1    :  659  tbi  form  of  suture  in  the  type-genera  of  thedif  iders 

of  shelled  Cephali  tin  tordt  ir  of  their  first  appearand       In  each 

*  This  prniiB  ia  now  broken  up  into  many,  bat  It  It  still  oonrtnlcnt  to  retain  tbc  nunc 
for  a.  ¥UJP  dfsttaWl  group  of  Cephalopoda. 
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can  the  suture  is  mi|.|        !  i     ba  divided  on  the  ventral  surface  and 
tj.a-aa  oat,  m  Unit  the  oantxil  part  In  the  Bgvra  represents  fchfl  dorsal 


pa  sb. 


iMk«« 


ti,.  >..-.■, 


Pn*.  «55-«W— Jua*Mir  r«pu»u»rou»-.lmmofll/«.-  «i\  Ammonite*  Mftvm 
infXf lumn.    M".  Ann.. 
dUoa:  a.  Hide  vluw;  i,  allowing  nutnm. 

portion,  and  t ! if  two  extremities  tin-   ventral.     Tin-  e\«diitiuri  of  fonn 
and  structure  was  in  the  following  order  :  First  the-  straight  Of 

AmmonU*. 

Omtut. 

0  4  ^aaAaA/wv 

0- 


awiaia, 


VMM  if* 


OrtkctmMU. 


tm  (COk— Diagram  ifcowioj  Ponn  of  i'»*  1tli>n  of  SioliuiKlt,  «o0  OnJcr  erf  Plni  Appotr- 

mrc  of  KamkllM  In  C«|*»li>i>«!" 
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thi-n  (be  curved  QyrounUi  then  thi  BO  tlio  simple 

suture  became  nnglcd  in  Hi/irintiie,  then  scalloped  in  Cferatfff,  snd 
finally  oomplexlj  trilled  in  Ammomts,  li  b  remarkable)  bowerer,  that 
ouo  of  tin.-  -inipl.-T  forms,  viz.,  tho  nautiloid*,  although  iiIbo  one  of  Qu 
earliest,  baa  outlived  them  bU.  The  corresponding  figures  ou  the  left 
arc  awa'oni  showing  (he  position  of  the  siphuncle. 

i  hie  order  in  which  1 1  >•  ral  genera  appeared,  and  tie 

nance,  axe  shown  in  the  diagram  (Fig.  66ft)  on  page  i 

Belemnites— The  BelemnHe  i/3«'a</u'.m.  a  dart)  was  nearly  alii 
the  »qoid  and  oufctte-flah  el  thu  present  day.    like  the  squid, 

internal  bone  (the  pen  of  lot 
squid),  except  that  the 
much  larger  and  heavier  En  tht 
Belemnite.  It  is  this  bone,  or 
the  lower  portion  of  it,  whiCO  i- 
ii-iially  fossilized  (Figs.  664  66?}. 
Win-  ponded  and 

hollow  at  tho  upper  end,  a. el  in 
the    hollow  .null,    001 


V 


n..  m 


to.  OH 


noi.OBM«.-««.  lii-'-ri-.iisiiriinrikJfinnit'  [rcrtorwi  tjj   D'OrMimy).   Ml.  ThoAnlrart  < 
bj  uwmiJ.    SOU.  A  living  Scplft  tar  ccmiMriton. 

chambered,  Mplnmelcd  oliell,  the  Pig.  660,  a  w 

shows  the  perfect  hone,  and   I  the  upper  pari  br  A  the 

phragmooone  in  place.     Like  the  Bqnid,  too,  it  had  an  ink-1. 
Which  it  doubtless  squirted  the   inky  fluid  to  darken  the  water  and 
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Fio.  1KB.  -Ulognun  Bliowlug  Dlilrlliiuiiiii  ..f  OqtfMdopodl  tn  Tint. 

Cnwtaoea.— <'ni^:i(r;iu. 
Twentv'.l   iu  the  l'ala-ozoic  finrt  by 
the  Trilol  I 

then  Limuloids;  then,  in  the  bit 

period,  bj  !i   few   >Iin  n.urui  -.    1 
tho   Triassic  the   Macrotuv 
came  more  i  mow 

,h.       \  \  \W I      modern  type.      In  the  Jura»- 

Macroorana   continual  ■trith  «U» 

l.iiiin]"i>ls.  hut    i 


Fio  671. 

Fw»._*W.  tn.— Joabmc  Cirarieuni  •* 

ii'i      it.  ..ri.rii.-.     -  .i.-r.'io,"<ri.     Ct 
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Of  these,  abovit  three  fourths  arc  beetles.    The 

•cts  seem  to  have  been  introduced   here,  although 

tmt  ln-i-miie  abundant  until  the  Tertiary. 

Fishes— It  will  be  tamembared  thai  the  l'lacoidsof 
•  nearly  all  Ceatracionta,  or  crushing-tout  I h-i!  sharks.     The  Hjto- 


I  ,.,  BS  l 


iiu  an. 


Y 


c 


\Wuvm- 


Fio.  ore. 
-Pbimiri*;  en.  Tantli  of  AeradM  Dobittt.   68«.  Htboli*  mM- 

Ml.  BqaMlua  aCMlthaflcrnia.     08*  OMdM:  TKnffonolcpli.  cwtowt 

don  to,  or  sharks  with  teeth  pointed,  but  no  ■.••  edges,  coav 

meoeed  in  the  Carboniferous  and  Increased  in  the  Trias  v,  in 

the  Jurassic-  tin-  Ostracionts  continue  (Big.  679),  but  in  diminished 

numbers.     Th*  Hybodontfl  Cliliuiuati-  ( I'iu'.  < 

or  modern  sharks,  with  lancet-shaped  teeth,  common 

hers.     Rays  (Tig.  GH1),  whinh  may  be  regardi  ng  the  b 

PI««  i  found  in  considerable  number*  in  the  Jurassic 

Ganoids  continue,  bat  take  on  far  more  modern  forme,  and  huu 
ti'iw  in  most  cases  lost  the  vertebrated  structure  of  tho  tail-tin,  tlio» 
foreshadowing  the  Teleoats,  whi<  b  appear  En  the  next  period.     An 
the  meet  characterisUi  !  i  of  this  period,  and,  ha  fact,  of  this  age, 

are  the  Pjenodonta,  a  family  characterized  by  a  broad,  flat  body,  rhoin- 
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■ ! :  i  „- 1 1 . 1  ■  ■ .  L  nalea,  pavement  palal  .   tsd   persistent  noto- 

B2). 
Reptiles- — The  huge  reptflea  which  form  tli.-.i  king  feat- 

ure of  11  Dulminata  in  tlio  Jnraano  period.    Their  Bomber  and 

re  go  great  that  we  can  only  select  »  few  from  each  order  for 
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rrrjyVn 


^VSvU£A: 


IT,.    ,.-! 


Fio.  OH.  I 

I'm*  Mil  IBS      Jmmii   Riprii.ia—  Irlitliyr*ttur<i»  nnii  PhAataunu  ■  WQL  —  IchtlifOMut 
,RI.    OM.  rictlwi"  -f  I ■  Ii lliy 

i  a  of  wm,  thotriuu  •iracure.    MO.  Tooth  of  lchthyottuni*.  ii»iur»l  t\u. 


''!<■     111'] 


ription.    They  were  ( i  iflj  rulers  in  every  department  of 

Xature — rulers  of  the  tea,  el  the  land,  and  ol  tlio  air.     We  thai)  treat 

hem   under   the  three   heads   thus   indicated,  viz.:   1.  AmJJN 
(aea-eaurinns),  or  rulers  of  the  sea;  8.  I'i/iomurg  (huge  aaarions),  ot 

n  of  the  laud  ;  and,  8.  PttrosmtTM  {winged  wniriaus),  or  rulers  of 
the  air.     The  first  wen-   wholly  swimming,  the  s mil    walking,  the 

i  fl\ing,  Baoriana    bitei  mediate  between  the  first  and  Beoond  was  n 
1  ;lj  swam  !fil. 

1.  EiHiliitsanr*. — Prom  the  immense  variety  of  these  we  select  only 
two  U>T  description  ns  representative  genera,  viz..  Idrthy  and 

(Figs,  683  and  684). 

I'ln    /«•/,■  I)  was  a  huge  animal,  in  some  oases 

thirty  to  forty  feet  in  length,  with  a  stont  body,  short  neek,  and  anor* 
moos  head,  sometimes  live  feet  long,  and  jaw."  large  eon 

ited  teeth,  sometimes  200  in  Dumber,    The  enormous  eyes,  some- 
'teen  inches  in  diameter,  were  provided  with  radiating,  In 
ji!»t«3  (r  are  tlio  eyes  of  birds  and  some  living  and 
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many  extinct  rtptUee,  eppanmtfy  for  adjusting  I  r  dia- 

'I  In.'  tall   WSJ   long]  KOA  probably  :  :th  a 

.  titi-tifo' ■  i,  unsupported  by  rays  (On 

to  the  powerful  Snapped  t;iil,  the  locomotive  organs  wore  four  - 
•tout  peddles,  composed  of  numerous  cloaely-uiiii  but  witi 

iiict  rur-.    These  pmi.Ur-  were  .- ■ . 1 1 •  i ■ « m 1 1 : * ■ , ■ . i  h\  :i n  expend) 
supported  web  (Kig.  687),  which  greatly  increaaed  their  surface,  and 
•  their  efficiency  u  swiouning-organi  I  Lyell)i  The  bodies  of  the 
vertebra  frets  not  united  by  baU-nnd-toeket  joint, u  in  most  li\ 
tiles,  but  were  H-aoncai ■•■  (amphioa  tons),  like  those  <<\  Uhi  -  1 1 

That  the  ' 
reatnre  ware  preda- 
nnd    voracio 
sufficiently  at) 

■  -ill.      It  is  fi 
i  by  tho  cob 
of   the  stoiiuu -h, 

are   sometimes 

argelyof  /. 
"in    the    de- 

Fl«.«Sr.-Pa«WI«>Webof«nlc!itt.,.«.urufc  x[an     g^     n,)<)V(,    u  \_ 

plain  thai   the  Ichthyosaurus  combined  in  a  remarkable  dogrvv 

aharai'tiT.'   uf  saurian  reptiles  with   those  of  lishes.     ' I  1 1 •  ■  rertii  'II :■<  \- 

panded  tail-tip,  the  paddlaSi  with  surrounding  ray-supported  web,  and 

the  bi-concavo  vertebral  bodies,  are  all  decided  fish 
characters.  In  most  other  respects  it  was  reptilian. 
This  combination  is  expressed  in  the  name. 

Tin'  /";  •  (allied  to  a  lizard)  was  a  less 

heavy  and  powerful  animal  than  the  last,    It  was  re- 


M 


o& 


Pio.  968.— a.  Hcnd  nf  h  riioMnnu,  gii  I    6  Tooth  at  'In  ?*ior.  uauraJ  | 


tnarkuble  for  its  short,  stout,  almost  turtle-shaped  body;  its  i 
snake-like  neck, consisting  of  twenty  to  forty  vertebrae;  its  small  1: 
its  short  tail,  unad&pted  for  powerful  propulsion  ;  its  long  and  powi 
paddles,  which  w<Tc  its  noli'  <wi mining-organs ;  and  I 
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al  bodies.     Recent  duoon  dee  In  Kansas  show  that  sclerotic  bones 
I  in  this  order  also.*    Sixteen  specie*  lu  found  in 

Joraasie  and  <  retaceotai  rockaol  (taeat  Britain  alone,  and  one, 
thtic&odeinu,  was  twenty-live  bo  tinny  feet  long  | , I".: .  I  B4),  with  pad- 
dlM  in  feet  long. 

The  PHinaurm  (mora  lizard-like)  bad  tin.-  i;u-.--  !  • 

k  of  the  Ichthyosaurus  (Fig.  088),  with  the  powerful  paddles  of  the 


mm 


Pic.  «90  -Paddlo  of  a  PUoaauroa.  »  Jg. 

A  perfect   paddle  of  tl.u  animal  ha«  been  found  ? 
[Pig,  680) j  the  animal  was  probably  at  teaal  forty  :' 

I  n  termed  i- 


tfWW 


Flu.  rat).—  Tclcivtura*  lirrvMeiia:  o.  akult;  ft.  tide  view  nf  unnut  •hnirlng 

tlillpa), 


i  ween  this 
groan  and  the 
next —  inhabit- 
era      both      oi 

nd  water 

'    .  ■Itlltii/lltKJ 

•  1  in  great 
numbers,  find 
>>f    great    size. 


Some,  like  the  Telco*jiniL.  >..  an  n  rarrow-tnented  like  the  Oa- 

rials  of  the  (Janges,  but  had  ani[dtii-.  rlems  vertebnu  like  the  Knalioaaurs. 

&  Dinosaurs. — Among  these  WOK  the  largest  reptiles— infant,  the 
largest  land-animals — that  have  ever  existed.    Tb.  also  in  mi 

respects  the  highest  of  nil  reptile*,  since  they  possessed  many  oharac- 

which  connected  them  closely  with  mnmmala,  and  especially 
birds. 

Connecting  Characters.— 'I' he  most  important  of  these  were:  (l.) 
Lor-'  •  limb-bones  and  firm  suinun  rr.mpn*'d  «.f  wvend  consoli- 

dated vertebrte.    These  characters  show  that  I  with 

*  frei  well  borne  above  the  ground,  like  mammals  and 

birds,  and  did  nut  .  raw!   n  the  manner  of  reptiles.    (8.)  In  manj  cases 
the  fa  md  the  fore-legs  very  snail  in 

parison.     This,  together  with   thi    baokward   •  b  of  the 

ischium  |  I  I  B) — suitable  for  erecting  the  body-  show  thai  «>ine 
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nf  then  walked  habitually  00  their  hind -leys  alone,  in  the  manner  o( 
bird*.     (3.)   Like  Midi  and  some  mama  »J  Dinosaur*  irtad  on 

igittgrade)  and  oof  like  reptBea  on  the  whole  toot  (pis 
grade).     (4.)  Like  birds,  also,  many — but  not.  all — bad  only  throe  func- 
tional tow,  aud  therefore  made  tridectyle  tracks;  end  area  the  number 
Mi'  toe-joints  follows  the  order  uf  those  of  binle— i.  n.,  there  vera  tha* 
in  tin-  inner  toe,  four  in  tho  middle,  and  five  in  the  01. 
Mill  more  curious  is  the  reeemhlanee  to  birda,  in  the  structure  ot 


■ca  r 


Tk.W.—A.  Dromrue;  B,  Dlnowur,  C.  Crocodile:  At.  Miragulw;  Cc,  caknooam. 

ankle-joint.  In  reptiles — as  also  in  mammals — the  joint  is  between 
tin:  shank-bones  and  the  tarsus;  in  birds,  tho  astragalus  and  calca- 
noum  an-  DOflHUdAtOd  with  the  shank,  and  the  motion  is  below  these 
bones  of  the  tarsus.  Some  Dinosaurs  arc  liko  birds  in  this  regard. 
691,  A  B  (',  illustrates  tin.-,  point  (6).  Muuj  Dinosaurs  pos- 
sessed a  clavicle— a  bone  found  in  all  birds  and  many  mammals,  hi. 
living  reptile.  Wq  ahoU  very  briefly  describe,  only  the  most  re- 
markable. 

Tho  Iguanodon  was  one  of  the  beet  known  as  well  as  one  <  I 
largest    It  was  n  huge  herbivorous  Dinosaur,  foand  in  tho  Upper 
Jurassic  and  [xrwei  I 'cetaceous  of  Europe.     It  takes  its  name  from  the 
mblanoe  of  its  teeth  (Kig-  i;:»v!)  to  those  of  an  Iguana — a  living 
birorona  reptile,  about   four  or  five  feet  long,  although   in  i 
peoti  there  Is  little  affinity.     Until   recently,  only  portionao 
skeleton  were  found  :  hut  the  en. .mi  i  of  those  indicated  an  ani- 

mal  at  least  thirty  feet  long,  aud  several  times  the  weight  of  an 
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F».  MB. -Tooth  of  an  Ignaaodon. 


Ot     It  WHS  impossible  from  th<  nit  any  idea  of  i:s  general 

lOB.     In  1880,  however,  several  complete  dcofotoiu  wen  found 

im  and  restored 

rom  these  it 

d  tint  the  animal 

Iked   on  it* 

blnd-lega, using  lea power- 

fal  tail  i»l*i  as  a  support ; 

also  thai  t  In-  anterior  part 

ot  us  jaws  was  lootl 

and  i  :  with  born,  to 

aato  form  a  nipping-beak 

like  a  turtle'*.    Fig.  603  u 

areetoraiinu  bj  HoPauw. 

The   Megahsaur  ww 

a    somewhat    smaller  hut 

r<\\  :i  more  formidu- 

i  inuToroni    reptile, 
which  lived  through  the  whole  Jumssiu  pariodL     Its  huge  jaws  were 
■fined  with  large,  curved.  Hatt.  d  MUm  teeth,  A  temnr  has  been 

fonnd  forty-two  inches  long  (PbtfHpe),  and  a 

thirty-six  inches.    The  animal  was  ;i! 

I'niL.'  (i  'h.  ii  i.    Pig.  6M  w  a  restoration  of  the  bead  of 

thu  animal  by  Phillips,  and  Fig.  695  is  a  res  torn' 

of  the  akeleton  of 
the  Scelidosaurua, 
an  animal  allio-l  to 
tin!  liegeloaanr. 
The  Megalo- 
also  hn  bipedal. 

Tli  *:-  C'h'OMiir 
(whalodizard)  was 
the  largest  reptile 
jet  found    iu    Ku- 

naBta.-!*™.,.:  rUw.^to^kyDelW.  r„p,..  tholltfll    I 

larger  hare  been  fonnd  In  the  Jnraatlfl  of  the  United  states.    It  has 

bean  classed  among  the  Orooodiliana,  bat  Prof.  Phillips  has  shown  thai 

itatrne  position  is  among  the  Dinosaurs.    A  • .  isbeenfonod 

-four  in'  I  I  inches  in  oircamfereni'i' :u  the  shaft,  f..>m- 

nd  44*38  [notice  In  oireumfeivnee  at  the  two  ends  res] 

!,'.  fjiiO).     Aoooriling  to  Phillips,  the  animal  was  at  least  fifty 

feet  long,  ten  feel  high  when  standing,  and  of  hulk  rj  nate.    It 

probably  like  the  [guanodon  a  vegetable  feedi 

fJ»fla<Maur  was  another  huge  re] -tile  of  the  same  period,  and 
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the  Cfanptogti  ri-ptile  of  smaller  biz*,  but  of  most  extraordinary 

bird-like  charaoter,  i  is.,  small  bead,  long,  flexible  Deck,  large  and  long 


Pl«.  B6i.— Itmil  of  Mcicnluriiiu  ii»). 

hiinMrg,  and  small  and  ibart  fore-leg.     Prom 

have  walked  habitually  on  Lbe  bind-l  I  i|. 

:i.    /'  r». — Those  living  reptiles  WOW  certainly  ftmOQB  f!i> 

>  \uaordinary  iniiiiuds  that 
have  ever  existed.    Tbe  or- 

I >ut    we   will   describe  only 
the    beat    known, 

■i'      (wir 
and  the   I 

The     / 
G9S)  combined    the    short, 
mpaet 
1  strong  il 
die,  firmlT 

&  united  with  tte 

keel' 


■' 


Flo.  OB.— Krrtorallon  of  8wlldi««ur. 

tin-  short,  aborted  tail;  the  l<  ble  Dock, and  hollow,  air-fillnl 

I:  i 'ii. •!•■  MBj    bar*  -with  tho  hi-ail,  aud  jaws,  and  teeth, 

uf  a  reptile,  and  the  membranous  wings  of  a  bat.     In  the  bat,  how 
the  membrane  is  supported  by  four  fingers,  enormously  i 
tin'  purpose, and  only  one  linger  ».-/>■«  and  chwtd  ;  while  infebo  r 
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Flo  fOB  — Rliampliorh jrnclim  phyllunm  («ftfi  Mareh). 

'I'iio  Pterosaurs  were  of  many  kinds,  which  varied  in  size  from  two 
or  three  feet  to  eighteen  or  twenty  foot  in  alar  exr 


Kio.  709.— BMtonilrm  of  lilmnijilinrli ynrhim  f-hylliira*  inttvr  M»r*h)     One  •vrcetb  rulara]  %jt 

Birds. — The  class  of  Birda  is  now  so  i  1  from  »11 

Others  and  the  connecting  links  obliterated,  that  the  (  birds  an 

of  especial  Interest   U  throwing  lL'lu.  on  tin?  evolution  of  tl 
I'ntil  1869  birds  bad  been  found  onlj  In  the  Tertiary,  and  these  were 
already  distinctly  differentiated  as  typical  birds;  but  in  that  year  Uteri 
was  found  in  the  Solenhofun  limestone,  so  celebrated  for  ii*  n 
preservations  of  or  f  feathered  biped,  and.  therefore  pre* 

sunuthly  a  bird.     But  how  different   from  our  usual  conceptions  n( 
class!    Along  with  its  distJnetiTe  bird  characters  of  feet,  limb- bone*, 
beak,  and  especially  of  feathered  wings,  it   bad   the  long  /nil   1 1 
JD1)  and  toothed  jaiffi  (Fig.  704)  of  a  reptile.    Tlie  structure  of  the 
is  especially  significant,     In  ordinary  birds  the  tail  proper  iB  shortened 
Op  to  a  rudiment,  iiml  ends   in  n   |:irj.'e  hone,   fro  dints  the 

feathers  of  the  tail-ftuc.     In  this  earliest   bird,  on  the  loutrar. 


Flo.  701.— Arclwroptrrrx  tnarronri.  ««tor«l  latter  Owen). 

which  the  fun-feathers  come  off  in  pair*  09  If.     The  tail-fan 

nig  bird  differs  from  that  of  typical  bin      k    dfldy  M  the  I  ail-fin  of 

earliest  fishes  differs  fn  n:  thai  of  typical    Bahes.     Thu  tail-fan  of  thu 

.  like  the  taU-fin  of  earliest  ratal.    This 

wonderful  reptilian  bird  was  called  .!?•■  winged 

creature),  and  the  specie*  If  led). 

In  1873  another  Specimen  of  Arch  va*  found  in   t  in- 

»nd  »9  now  in  the  Berlin  Mus-um.    This  Berlin  specimen  has 
carefully  examined  by  Vogt,  Marsh,  and  Dames  (Figs. 
From  examination  at  these  two  specimens  the  following  singu- 
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Jar  00  i'ii  of  bird  and  reptilian  character*  have  bean  made  nut. 

Among  bud  oharaetan  are  (1.)  Tin  older>ghdlfl  and  keeled 


& 
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P08.— Arch»-n|itprjx  inocnnir.i    1!  rl in 

am  DooaMsrj  far  flying  (but  Pterosaura  alto  have-  tin 

Ininn  hoak  (Inn.  turtles  and   Bhynchoeann  Rod  BOBU  I'inoaanrs  haw 
;lii.-i.    (8.)  tvl  feet  (some  Dinoeatm  have  titan).    (4.)  Fath- 

erad  wings  and  tail.     Bat,  along  with  !ii>     .  i»  ! 
and   long  UtQ  of  reptilea,  already  mentioned,  there  were  $i»n  tb» 

following  eharii'M.T* :     I.    Tin:'    metatarsals   (throe    in    number)  W* 

iir,  ai    in    n  ptilcs  and  embryo  uf  birds.     2.  The   pi 
were  unconsolidated,  as  in  reptile*  and  embryo  of  birds, 
flngBH  were  all  free  and  armed  with   clawa.     So  complete  b  lb 
tun:  of  the  two  kinds  of  characters  that  some  sodloj  -rt)b*- 

mi  !lu  reptilian  characters  predominate,  and  that  it  ahouM  I* 
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consolidation  was  not  yet  complete.     Fi  presents  wings  of  these 

Boot  Idnda— the  dotted   lines   ma   through  corresponding  parts,  and 
show  ili''  Identity  of  i  tructuro. 

Origin  of  Birds.— There  oaa  tM  bo  doubt,  then,  that  Bi 

from    /,'.,.:''/.-.      Purther,   it    is   BIO.U   pmhjiblc   thai 

Dim  li  u  true  that  Dinosaurs  bj 

bird*, » iiii  -i.inc ezoeptumsi are oomparatirel]  mud]  animals;  but  Marsh 
iii-  shown  thai  soma  American  Dinosaort  were  fair aaiaU.    Thai 
of  thair origin,  or  eparetion  from  the  reptilian  stt  m,  is  still  doubtful, 
i.in  the  wonderfully  reptilian  obaracter  of  Ardhtiopterya  shows  Uu 
ran  not  hi'  far  from  the  point  of  origin.    It  was  probably  in  tm 
i  r  I  )•)"  t  ' 
Mammals.— Wo  have  ahead]  seen  (p.  121)  thai 
of  this  otasswu  in  appormoBl  [         bal  u  tbeaewen  nam- 

bar,  near  tin*  confines  of  Jnrassto,  we  regarded  then 

iiri|..iti.uis,  ami  jnit  off  their  discussion.    In  the  .Jurassic  this    i 
tion  was  fully  realised.    In  the  same  formatton  fUppar  Jnraaricj 
nrhiohwe  fonnd  the  old  forest-grot  nui  (p.  425)  have  been  found  alio 
fourteen  genera  of  small  mammals.     To  this  maybeaddei  eatra 
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fron  a  lower  horiion  (Stonefield  states).    If  we  add  to  these  sg 

teen  genera  (twenty-five  species),  recently  described  bj  Mi  in  the 

American  Jnrasaio,  are  bare  at  least  tbirty-threoJ  ■»  h/t<i  know. 

these,  at  least  five  genera  are  fonnd  in  theUpp 
countries  and  sixteen  i   (twenty-four  species),  recently  (11 

dasoribed  by  Harsh,  from  Upp  u 

therefore),  that  there  are  now  known  at  least  Sfty-four  jn  -i«o- 

amals.     The  number  of  *,  of  course,  much  gre 

Affinities  of  Jurassic  Mammals— The. J  urasflic,  ami  in 
zoic  mammals,  aa  contrasted   with   mammals  at  later  time*,  maj 

raatarised  in  a  general  way  as  gmall  tin 
perhaps  In  >  a  type  con  tie  ■  **& 

therefore  lower  and  more  gen  than  either.    They  w- 
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ifl  earliest  or  TriaouV,  decfdedfy  reptilian  in  some  of  their  char- 
acter*.    Of  these  we  mention  onlv  two. 

1.  Troth. — A  glance  at  Fig.  7 1 1  «,  in  comparison  with  figure  of  The- 
riodont  (Fig.  G'ilh),  cm  page  £36,  shows  that  the  teeth  of  some  o£  the 


^  i 


ft  c  d  *  / 

*«•.  711.— A  B»iuu  or  Mouuu  or  Thiamin  ax  D  Juiu«itio  Ma*«»w:  0.  Iinmimlirriiim:  ft  " 
•oduu;  t,  auiji:uii»iii-,  j,  ituacoiouirriuni.  .  TM  wnodan;  f, ipulimwiiirtiini unar OwonPi 

earliest  mammals  differed  little  from  those  of  Theriodont  reptiles;  in 
which,  ua  already  explained,  the  tuberculstion  of  the  molars  character- 
istic of  mammals  had  already  commenced.  In  the  subsequent course 
of  evolution  the  subordinate  OBVBI  of  Fig.  711,  o,  b,  c,  d,  e,  were 
shifted  ontwaxd  la  the  uppOl  JtW  and  inward  in  the  lower  jaw,  w>  that 
the  Q1ISpS  interlocked.      This  forms   the  trilubercuhir  molar  of  Cope 

:  711/),  so  common  in  Mesozoic  animals.  From  this  simple  pucr- 
aliz<  Afterward  dfTalopjd!  the  more  complex  molars  of  the 

specialized  animals  of  the  Tertiary  and  present  time. 

1.  Reproduction, — There  Mean  to  be  no  doubt  that  many  of  these 
animals  were  mar.-  ilthongh  more  generalized  than  any  existing 

mar  Now,  marsupials  in  their  reproduction  approach  reptiles. 

In  typical  mammals  the  embryo  is  attached  to  the  mother  by  a  pig. 
centa,  so  that  the  whole  embryonic  development  u  within  the  uterus; 

.  ir>iipials,  on  the  contrary,  there  is  BO  placental  iittaehrnent,  and 
therefore  the  intr.:  di-v.d  ijuneiit  i-  very  short  and  imper 

and  la,  in  hot,  completed  tmtntk  the  nttm  in  the  pouch  (mar 
anpiuin).     In  farm    mammabj  baa  whole  Bmbryonlc  ievalopmanl 
within  (gestation),  and  the  young  ore  bom  in  perfect  eomlition.    They 
ire  young-bearers  (vivipmmu}.     In  birds  and  reptiles — egg-bearers 
(»n'>  'the  whole  of  the  development  takes  place  without  (incu- 

bation).    In  marsupials   the  development  is  partly  within  hut  mntthj 
••fore,  may  be  called  wmi-QViparOVt ,  or  npHb 

the  clam  of  mammals  i  ilivided  into  two  mlMaaanM — 

■it'-1'  ammala,  and  nortrplaemtaU  n  raj  am- 

l    '        i  eludes  the  martupialt,  stmvoviparouB,  and  the 

man  (Ornithorhynohna,  Behidna,  etc.),  which  arc  true  epg-lay- 

«*<•  ))*  like  birds  and   reptiles.     The  iion-plnccntuls.  with  the 

sption  "f  u  fewopoesoms  io  America,  tre  wholly  confined  wow  to 
the  Australian  region.  In  Jurassic  times  they  roamed  in  great  num- 
bers all  0  pe  arid  Amcr 

Origin  of  Mammals.— In  Thcriodonta  and  Theromorphs  we  see 

■it 
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reptiles  reaching  upward  and  forward  toward  mammal*.  In  .Jurassic 
and  especially  Triassic  mammals  we  see  thus  class  reaching  downward 
and  backward  toward  reptiles.  But  the  poinl  of  union  baa  DOl 
been  found.  The  lowest  and  most  reptilian  of  mammals,  Um  egg-lay- 
ing nionotrenies,  have  not  yet  with  certainty  been  found  (new;  bat 
the  celoifled  beeth  reoentrjfoond  in  bheembryoaJ 
so  strougly  resemble  I  of  one  family  of  Mesozoic  mammals— 

■viz..,  tho   Mii'titaiiryt  iilutn   (Kig.  840,  p.  600) — thut   ii   |fi  now  believed 
that  these  were,  indeed,  mumitn ■in>.-.     It  is  probable,  therefore,  that 
the  point  of  union  between  the  classes  n  ptiln  and  mammal 
found,  not,  indeed,  in  miffiOtNmfll  proper  (fur  these  are  already  special- 
ized),  but  in  n  generalized  type  eomucHng  Hanoi '.rente*  ami  mar.ttipiaU. 
The  time  of  origin  was  probably  the  Lower  Trios  or  L'pprr  Permian. 
The  earliest  mammals,  such  as  tho  Microlestes  ami  the  Dromatherium 
from  the  AimiiiMii  Trias,  were  not  far  removed  from  such  a  gwimKfH 
type.     The  order  of  evolution  DM  been  expressed  by  Huxley  thus:  1. 
Ilypotheria  (below  mammals);  3.  Prototheria  (first  or  lowest  tD 
malg);  3.  Metatheria  (transition  mammals);  and,  i.  Kmhuria  (pet 
or  true  mammals).     The  first  is  r  d  by  tlio  Theromorphs  of 

I'n  mian  and  Triu.%  the  second  by  a  hypothetical  generalised  type  con- 
necting monotromes  and  marsupials  of  the  Triassic,  the  third  by  insec- 
tivorous marsupials  of  the  Jurassic,  and  the  fourth  by  the  true  phi 
tals  of  tin-  Tertiary.    Further,  it  is  probable,  us  Bnggeated  bj  Oabe 
that  ■'  the  I  Yutotheria  of  Triassic  separated  very  <.-.,  two  bran 

of  Metuthcria — one  more  lik<-  Mm  marsupial,  the  other  like  insoetivori. 
From  tin;  hitter  came  the  Eutheria,  which  again  differentiated  Into) 
many  specialized  orders. 

Mammuls,  then,  existed  in  considerable  numbers  in  the  •'uraaric. 
These,  however,  wore  not  able  to  contend  with  the  gnat  Uinosgurs. 
it  was  still  the  age  of  reptiles.  This  class  not  only  predominated,  but 
impressed  their  character  on  all  higher  classes.  The  birds  and  the 
mammals  were  still  reptilian.  From  the  reptilian  stem  the  bird  awl 
mammal  branches  were  not  yet  to  complete!?  separated  that  connect- 
ing links  were  obliterated. 

BlOHOM  8<— .IritA-Tui.\s  is   Am 

Wo  have  already  explained  that  these  two  periods  are  not  well  «|»- 
rated  in  America.  This  is  partly  on  account  of  tho  poverty  of  foanh. 
and  partly  on  account  of  the  continuity  of  conditiom  QuronghonL  It 
seems  best,  therefore,  in  the  prose  ut  state  of  k  m  n  "to- 

gether as  one  period.    Doubtlei  M  be  better  Beparsted  hereafter. 


•  Meiozolc  Mammalia,  p.  881,  Trsnsiwiioiis  of  the  Academy  of  Science*,  PbUadrlpfab. 
to!.  U,  No.  S,  1838. 
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Distribution  of  Strata.— 1.  Allan  tic  Border. — Lying  in  plication- 
bolfows,  or  denudation  dm  I  lows,  Bneoniormabty  on  the  gneiss  (meta- 

rili.ui  in-  Silurian)  of  ||r-  eastern  slope  of  the  Appalachian 

chain,  arc  found  very  remarkable  isolated  patches  of  sandstones  «r 
sandstones  and  sluiK-.  which  in  referred  to  this  period.    These  patches 
are  strung  along  nearly  parallel  to  (he  chain,  and  to  the  coast,  from 
Scotia  to  the  border  ol  South  Carolina!   Thcy.-ii  i  on 

the  map  (p.  287)  by  ohli<|iie  linos.     One  of  thorn  is  found  in  IVinco 
land,  another   in   Nova   Scit i;i ;  another   is  ilv  celebrated 

\:'iwt  Valley  mndstone;  a  fourth  commences  in  STewJer- 

]»as8e8  as  a  narrow  strip  through  Pennsylvania,  Maryland*  and  into 

Virginia;  a  fifth  and  sixth  bra  the  Uohmond  and  Piedmont  ooal< 

of  \  irginia;  a  seventh  and  eighth,  the  Dan  River  and  Deep  Wivor 
coal-fields,  of  North  Carolina.  As  they  an  isolated,  and  without  con- 
tact with  any  other  formation  unions  unconformahly,  their  age  Ban  not 
be  even  conjectured  from  their  itntigraphiaal  relations;  but  the  few 
fossils  which  i  In  v  contain  seem  to  refer  them  either  wholly  to  the  Tri- 
sssic,  or  else,  more  probably,  partly  to  the  Triassic  and  partly  to  the 
Jurassic. 

In  OOnnection  with  nearly  all  tttSM  patches  arc  fniunl  columnar  Imp 
or  doierite  ridges.  These  are  interstratified  with  the  sandstones,  and 
were  partly  outpoured  on  the  sediments  while  those  wen-  depositing, 
and  partly  forced  gubsequentlj  between  the  strata  (Davis).  Mounts 
Tom  and  Holyoke  are  examples  in  the  Connection!  Valley,  the  Pali- 
sades of  the  Hudson  in  the  New  Jersey  patch;  similar  trap-ridges  are 
n  all  tlir  otliei 

2.  1'1'iitis  ami  Ihirkij  Mountain  Region*— The  geolog  is  re- 
gion is  still  littlo  known,  but  than  teStM   no  doubt  that  dura-Trias  is 

a  ribnted  though  largely  concealed  by  subsequent  dep<.-it*  ..f 

id  Tertiary.     They  are  exposed,  however,  in  narrow  bands 

on  the  flunks  of  the  Block  Hills,  the  Colorado,  Uintah)  and    Wali.sitch 

as,  and  over  wider  areas  in  Northwest  Xi  •       tferico, 

ma,  and  I'tah,  where  they  are  called  "  Red  led*.9     Their  outcrop 
form  One  of  the  most  conspicuous  erosinri-clilTs  (p.  2,1)  of  the  region 

north  >.f  Grand  Canon.    Aa  may  be  inferred  from  their  almost 
sal  r-  aro  Tory  barren  of  fossils.     The  sat  in- 

ferred from  the  presence  of  great  beds  of  gypsom  in  the  Plateau  region 
and  li  lit   in  Kan-.i-. 

3.  Basin  Begun  and  "order. — They  occur  also  over  all  the 
western  part  of  the  Basin  region    Covered  m  the 

deposita,  hut  exposed  on  the  Banks  of  all  the  mountains.    On  both 
sides  of  i  and  Cascade  Usages  they  occur  as  the  auriferous 

;  of  California  and  uorthwurd. 


469 


MESOZOIC  ERA— AGE  OF  KEITILES. 


Lif- 

characterization  of  the  life-system  of  the  Jura-Trias  | 
in  America  i«  best    brought  out    iti   connection    with  a  dOACriptio 
Borne  of  the  more  interesting  Idealities  and  of  their  remarkable  k< 

Connectiout  River  Valley  Sandstone.— The  Strata.— This  locality  ba 
hecn  made  classic  ground  for  the  geologist  by  the  indefatjgaj 
>;f  thi.-  late  Pri  Hitchcock.  oJ  t.     The  strata  border 


r».Ti«.-Q« 


h  .!•  TDf  •  <.  l»!lh"  h>  M    L.    .  <T 
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< 'ounce -t it-iil.  Iliu-r.  on  both  sides,  through   the  whole  of  Massachusetts 

and  c *.»i iiit-i-i i«-Tir,  as  fiir  m  Middletown,  where  the  river  trends  h 
oast  while  tho  sandstone  area  ;  i  on  to  the  sonnd  at 

Haven.    The  whole  forme  an  irregular  ana  about  110  nrilea  long  aud 
20  miles  wide.    Thcv  conaifll  <if  red  sandstones  and  shales,  dipping  > 
what  regularly  to  tho  oast,  at  an  anglo  of  about  80°  t<>  80°,  indioati 
thickness  of  at  least  6,000  feet  (Dana)  to  10,000  feet(Hitobcoek). 
general  relations  i.f  tIh*  strata  with  the  intrusive  trap  and  the  in 
King  gnci.vf  are  shown  in  tho  aocompanying  figures  (718  and  I 
The  trap  is  seen  to  bo  conformable  with  the  strata,  but  the  whole  .- 
baa  been  snbeeqnently  fissured  and  faulteii  In  such  wise  that  the  strata 
are  repeated  and  the.  thickness  is  apt  to  be  overestimated,  as  already 
explained  on  page  880.    The  trap-ridges  are  formed  by  the  on 
tho  tilted  and  faulted  sheets  of  lava.     This  regular  dipping  tu  the  ease 
throughout  tlie  irholfl  aerie*  can  lie  most  easily  explained  by  sujijKwin* 
that  at  the  and  of  the  Jurassic  the  whole  area  of  previously-horisoilta] 

strata  i  !'i_'.  J  !"'■  •!)  waa  lifted  Into  an  incline  of  80"  or  more,  and  after- 
ward  cut  away  by  denudation,  as  shown  in  the  diagram  <  I 
In    the   elevation   the   strata  were   fissured    and    faulted,  as  shown  in 
IK'. 

- — __  A  a 


The  whole  series  of  sandstone  is  very  distinctly  stratified,  ami  io 

many  parta   beautifully  fissile.      When   tlic.se  parts  are  broke; 
along  their  line*  of  lamination,  all  kinds  of  tlivre-markg  are  found  in 
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..riz.,  r//, 
and  track*  of  animals.     It  is  evident,  therefore,  that  this 
was,  throughout, ■  littoral  or  tfoal-waior  deposit.    Hut  ii  is  at  least 

6,000  feet  thick.    Therefore,  -i  have  been  eubsidenoe  to  that 

a.     Sere,  Aon,  we  bare  evidence  of  rapid  deposit  (foe  the  mate* 
i"ii  of  interior  h£$A   uitli  aavtt  ■  t/usion, 

Ifleswss, and  ejection  .if  Java, 

.  but  the  few  that  ira  in- 

dicate the  horizon  of  tin-  Keeper  or  Ujijkt  Triassic  of  Europe.     As 
n  are  found  near  the  middle  of  the  a  i  probable  that  the 

scries  represents  the  whole  of  the  Trias  and  part  of  t  ho  .Jurus  of  Europe. 
The  Record.    The  general  i  r h«>  sandstone  k  nfEktienl 

it  orgauic  remains  are  very  scan.  ;  ami  <»,  indeed,  we  find  iu 


"^^>^- 


Fiu.  TH.  -<],  Frond;  *•.  Con*  inflcr  I! 
Two  .-,  a  few  leaves,  the  most  perfect  of  which  is  a  siiocies 

rn — Clathopteria— and  a  fir-one  (Fig  !  ih,  and  i  Est  small  hag- 
thin,  bollow  bones,  which  may  bare  belonged  to  either  birds 

■-,  are  all  that  have  I u  yet  found. 

But  I»y  far  the  most  interesting  DOTtiOB  Of  'lie  record  in  thi*  locality 
of  tracks.     Th  partlj  tracks  of  Insects  and  Crustaceans, 
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r*i«.  TU.— «,  ♦» C,  Trv  I  >.  CntUcet,  or  Wonn  i*(iit 

II  i.licoekv. 

nmi  parti*  of  Reptflee  and,  possibly,  of  Bird*    Soma  of  times  vrlilolt 

have  been  referred  to  Crustaceans  and  Insects  are  shown  in  Pig,  715, 
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0,6,6.    There  has  been  foond,alflOi  the  whole  form  of  one  insect  a; 
entlj  the  larva  of  an  Ephemera  (Fig   J16]     [J  ii  quite  [.reliable  that 
munv  of  tin-  fame]  Conned  by  similar  lama  Inhabiting  the  inter 

Reptilian  Tracks. — tty  far  the  larger  number  of  tracks  an  those  of 

Keptflee.     More  than  lifly  species  have  been  described  by  Hi: 

-e  Miry  exi  rcmely,  both  in  rise  and  in  character.    In  i  vary 

from  the  Hack  of  a  living  Triton,  |  halt-in. -h   long,  to  thut  of  tin 

x. «ti in  (Fig.  iiT'i,  twenty  inch  t  long, and  wits  a  etride  of  tbrw    ■ 
Some  had  Bve  teat,  soma  four,  ami  mjhh.-  only  three  func  f*on 

the  hind-ieeb    Again,  some  had  bind  and  lore  fei  I  of  nearly  1 1 
and  evidently  walked  or  crawled  in  true  quadrupedal  style.  had 

hind-feet  much  Earger  than   fore-foot,  and  were  essentially  bipedal  in 
locomotion,  onlj  putting  down  their  small  fore-feet  occasionally; 
walking  bird-like,  nol  hopping  kangaroo-liko,  on  their  hind 
connection  with  the  bipedal  tracks  there  have  been  found  what  seemed 
in  be  the  impression  of  ■  dragging  tail  (Fig.  719);  I  -o  are  so 

rare  and  doubtful  thai  il  Ea  generally  believed  theanimali  .«tlj 

long-legged  and  short-tailed. 

The  general  oonolnaion  from  an  attentive  study  ••'.  these  tn 
connection  with  the  Bndinga elsewhere  of  bones  and  teetl 
me  tli.'  tracks  partly  of  Atu|diibinii8  of  the  order  of  Labgrinthod 
but  mostly  of  Dinosaurs.    The  hugest  among  thorn,  tho  Qtotou  ■■ 
(Fig.  717),  was  jirnlwibly  a  long-legged  biped   amphibian,  which  stood 

twelve  feet  high.  The  Anomapue  (Fig.  719),  a  oommon  Bonn,  was 
pfobahly  I  IHitomur,  which  walked  often  on  two  legs  only,  and  in  to 
doing  brought  the  whole  tarana  and  heel  on  the  ground,  in  the  mannef 
of  a  kangaroo  when  resting. 

Supposed  Bird-Tracks.— Those   which  hare  been  referred  tobinle 
arc:  l.  Wholly  bifwial,  i.  *..  there  is  no  evidence  of  fore-fleet  at  ulL  i. 
.  vntridactyl.    -i.  They  have  a  regular  progression  in  the  nombar 
of  joints  in  the  tracks,  the  inner  toe  having  two,  the  middle 
and  the  outer  toe  tour  joint*.    Now,  in  birds,  the  inner  toe  bae  thrw, 
the  middle  tee  ton?,  and  the  outer  toe  Bve  joints, but  tho  last  two  joint* 
in  each  case  make  but  one  division  of  tin  track,  so  that  the  tn 
a.ily  what  ia  given  above.    The  discovery,  however,  that  Dinot 
havo  but.  three  functiona]  toes  on  the  hind-foot,  and  that  they  also  haw 

the  same  number  of  joints  as  birds,  bus  greatly  shaken  con  lldeuei' in  tk* 
ornithic  character  of  these  tracks.  Only  the  absem  ie  of  Core-feet  track*, 
therefore,  remains.    But  as  many  of  tb  reptilee  walked  *»■ 

sioaaUff  on  two  legs,  it  is  not  impossible  that  aotne  of  ty 

walked  thus.  It  18  quite  possibln  or  rrm  probtthlr,  therefore,  that  »U 
these  tracks  lire   those  of  Reptiles.     Assuming  them  to  be 
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Bird*,  they  rary  iu  sire  from  those  of  a  snipe  to  thoee  of  the  great 
imh,  eighteen  inches  long]  end  with  u  stride  of  lom  bet  (Pig. 

Thi>  bnge  bird,  if  bird  it  was, 
must  have  been  at  least  fourteen  feet 
high  i  1  >.u>;i).  Booh  ■  huge  animal  must 
havi  been  wingless,  like  the  ostrich,  etc., 


CD 


Tto.  TIT. 


Via.  T1R 


Fio,  710. 


Vk»  m-71'J—toxrm.t  T«*nc«  Uft«f  DItclwoek)l  TIT.  Otozauni  Moodll:  a,  Mad  loot,  .  ^:  4. 
fore-fool  »  A.      71 
foot;  ft.  fore  f*>t. 


forr.friot,  ■  fj.     IK.   UlfAiilltlicrluin  caudaluiu,  *  A-     •'»•   Anuourpu*  minor,  »  J:  a, 


for  it«  size  is  far  beyond  the  limit  with- 
iu  which  Bight  i-  |*..-.-iip[..\ 

We   have  ex  pressed  a  doubt  as  to 

these  tracks  be  thoso  of  birds 

or  reptile.1*.    This  is  not  so  strungo  as 

it  may  ut  firs)  appear.    These  two  claas- 

es  arc,  indeed,  now  vnry  widely  ■ 

!,  but  then  they  were  very  closely 

allied.      Then-   were   probably  animals 

living  which,  even  if  we  saw  them, 

at  puzzle  m  to  deoide  whether  to 
call  them  reptilian  birds  or  bird-liko 
reptiles.  These  two  chtttte  tetre  not  yet 
fairly  d-  tparaUd  from 

each  other. 

We  may  easily  imagine  tho  circum- 
atanev-i  under  which  those  tracks  wore 
formed.     Daring  the  Jura-Trias  period 


Tv>.  m>.—  Tntk  of  Hr-.ndrf.i'im  gigaft* 
Icojd.  »  )  (after  UUclicocki. 
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there  was  in  the  region  of  the  '  iallovr  inland  sea, 


com  .  n  narrow  outlet  with  the  ocean. 


J§? 


^$?[ 


i.— teflon  Ol  ii  Mali  wilb  T»ck»  of  Mvenl  8pcdis  of  Bronto   fn,Ml 
«oum  («ftcr  llltolicock,. 


Mid     again 

cl.!«'l] 

Ifttfl  of   BMld  or 
i-iuii.1  ribbed  with  rip- 
j.K-marks.     A  pass- 
r,v.r  pit: 

■oft   mml,  and  the 
bub,     coming 

from       tbt 

breaking       old 

dried    ami     I  I 
it.      Huge 
reptiles,  ani 
reptilian  birds,  saoa* 
tcred  near  the  thcst- 
margin  in 

The  tide  came 
with    it* 


in 

freight  of  fine  sediment*,  gently  covered  the  tracks, and  preserved  tin  in 
forever.     This  occurred  constantly  for  m.im  '  < ■  ii t  the  etui  d 

Ttiassio  or  the  beginning  of  the  Jurassic  period,  for  the  tracks  are 
found  daw  the  middle  of  tin  •  f  strata. 

Richmond  and  North  Carolina  Goal-Fields.— Tin-  occurring 

in  Virginia  and  North  Carolina  an  ring.    Thoj  oonstital 

Riehmond  and  Piedmont  eoul-fiolds  of  Virginia,  ami  the  IX 

and  Dan  River  eoid-lields  of  North  Carol  in  a.     Fig.  722  gives  a  general- 


Via.  TBI. — Sectiun  BcroM  Richmond  Conl-flnlil  (oft-r  TVuldowV 

I  section  of  tlio  Richmond  coal-fields  taken  from  i'  tdoV.  The 
strata  of  this  field  are  sandstoni  and  shales,  700  to  sod  feet  thick,  lying 
in  irregular  erosion-hollows  of  the  gneiss     All  the  phi  <ofa 

coal-field  are  here  repeated,  viz.,  batorstretii  and  bail 

of  iron-en .  uruUtr-clayt  with  roots,  and  roof-shale*  with  leaf-imprcssiona- 
There  are  go  vend  seams  of  coal,  the  lowest  of  which  in  con- 

tact with  the  gneiss  Some  of  tho  Beams  are  of  great  thickness— 
thirty  to  forty  i.  •  i  and  the  eoal  is  very  pure.  It  is  probable  that  this 
coid,  like  that  of  the  Cnrboniforong  times,  was  formed  in  n  marsh, 
which  was  sometimes  converted  into  a  lake,     Pha  plants  found  are 

\       I'k'dlj  Upper  Tria  lie  and  Lowor  Jurassic,  ti&,  OjoadSf  Oooi- 
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Kquiseta?,  ami  Ferns.     Fontaine  makes  tlmm  llhiplir.  \.  c,  transi- 
tiTd  between  Triassic  and  Jurassic     The  animals  hulk-ate  tlio  I 
horizon. 


l"io.  Til.—  I>iclrupj^c  niovrota,  a  Oknvii]  iiliur  Euini" 

Deep  River  and  Dan  Kiver  coal-fields  of  North  Carolina  arc 
very  similar  to  those  In  Eastern  Virginia,  exeept  thai  in  the  Deep  R 
coal-fields  the  coal-bearing  portion,  which  Menu  lo  correspond  with 

the  whole  of  the  Richmond  strata,  is  underlaid  hy  IJ.'HX'  feet  of  barren 
Kindstone.      Lf  WO  Call   the  eoid-rnensnrt's  Upper  Trias  or    Low.  r  .1 
the»e  barren  gandstODM  EOTfl  01  rtaiiily  Trias.de.      Tu  their  upper  porri«ni. 

and  i  i  probably  in  the  Upper  Triassio,  Bnunoni  Bound  jaws  of 

t If arsupial,  which  be  uunot D\  ■.■-■>.;  (Fig.  788).    As 

this  is  one  of  the  earliest,  SO  is  it  also  one  of  the  m'-rft  reptilian  of  mam- 
mals. According  to  Oeborn,  it  hud  many  reptilian  charaoters  of  teeth, 
a.  g.,  conical  premolar.*  and  imperfectly  divi<led  fun;.'.*,  and  imperfevt 
rasps  in  the  molan  {fig-  ^i  L,  «)  u  in  the  Therontorph  reptiles.  Until 
the  recent  diseoTeries  of  Marsh,  this,  and  perhaps  anol  v  •  [anna  (mm 

the  same,  plaw,  was  the  onl\  mammal  kimwn  from  the  Jnitt-Triftl  of 
America    We  give  In  Figs.  788-789  some  of  the  plaafa  and  animals  of 


• 


tu  na 


turn.  TU,  TSB.— Fomiu  or  NrniTit  Cabolum  am>  Rion»nsi  ■■:,  ,*si*r  Eaunonn:  ?3t 

Wdrlila  -liffuwu.     T«.  PoJomcoIU'*  KamoMi. 


Flo.  7S8.  Fi«.TH>. 

Fmh.  7SS-TW.— F..--ii.«  .ik  V..itru  <V>ii.>i.isa  »xd  Richmond  Coil,  n«»ix.  i»ftcf  Rmnxm.i:  Tit 
tt«ar»|iu-ri>  liim'fi.lln— Kli'limond  CmL    r«7    I'ccopicrls falcalua.    7JS.  Hcaroptcrla.    TS.  Jaw 

of  I)r.Hiinl  liiTliim  fvl>«j-tn:- 

theae  two  basins.     Tridaetyl  tracks  like  those  in  Connecticut  havo  also 

bn-n  fiiiinil  in  Niw  Jersey  anil  in  lYiiii«\iv;mi!i. 

Other  Patches. — In  other  patches,  especially  in  New  Jersey,  l 

gylviniiji,  iind   Ndvii  Scotia,  reptilian  bones  and  teeth  have  been  found. 

representing  Dinosaurs  and  Crocodilian!  or  Laoartaans. 
Interior  Plains  and  Pacific  Slope.— The  Jura-Triaa  of  tt 
ins  axe  singularly  deficient  in  fossils.    Tho  gypsum  in  d  ilieu 

fiiriiisliL'u  the  explanation.     They  were  probably  formed  in  interior  ami 


Fio.730. 


vt,  nil  — JuiiiMic  Fo«*iui  or  Vtiii  (after  M«k):  '90.  BolcmniM  deuaua. 

calcoola. 


7.11     BlJffcM 


very  salt  seas,  which  are  usually  deficient  in  life.     The  tw  ire, 

however,  in  Homo  places  at  least,  better  separated  than  o:  mtio 

slope,  probably  because  of  more  variable  conditions. 
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On  the  slopog  of  the  Blaok  Hills  and  on  the  South  Platte  undo  : 
Jurassic  fo&sils  oootir,  indicating  an  opto  na.    In  V 
harry  found  imprtaiona  "f  plants,  Indicttiag  the  same  homon  as  in 


•I.;,. 


MESOOOIC  KP.A—  AGE   OF   REPTILES. 


.Some  of  tbece 


North  Carolina  and  Virginia — i.  ei,  Upper  Triassic 
(Figs.  :;;■■   HW) 
On  the  Pacific  const  marine  life  no  doubt  -  tltis  was 

the  margin  of  ro  open  boa;  but  the  rocks  ban  an  ■■  ■ 

metaunoi 
the    Corals,   • 
fore,     in 
Bttojed.   Win 
thfe  is  not  tin 
i   the  rooks  abound 
to  fossils.  In  Earn- 

boldt  ('mint' 
vada,  for  exai 

the   strata    u 

Fm.rtfl.  F,«  7.t.  Fu.r.,. 

Fiat.  ?»-TU.-C*uro«KiA  Juaa-Tmas  Smut   ML  QnrptlM  »i«-    wholly  DUdfl  Op  Of 

riiiM  mflir  i:»hln.     711.  Tra-miia  |uiiii!ii;iMla  mfler  Uabbi.      7I&    f'nmlilu.   U  i, 

(Fiff.  7«).     I 
sarno  locality  the    remains   of  iin    Kii:ilM-aur   (Bea-sauriau)  have 

found.    On  account  of  thn  marina  conditions  prevalent,  tin-  two  pari* 
oda  are  easily  separable  on  t-he  Pacific  coast. 

Recent  Discoveries.— Very  recently  in  Colorado  and  Wyoming,  in 
bode  irnioii  aru  referred  I"  the  Uppermost  Jurassic,  a  large  numl» 
must  extraordinary  reptiles  have  been  found  and  deecribod  by  Marsh 
and  Cope.    Alio,  in  the  Wyoming  beds,  Marsh  has  di-  -one 

t  ucnty-n\e  t*i  11  ■<  i .  ;   hi*   Marsupial   iniuiiiiiaU  and  a  reptilian  bird  (J 

pfaryz).    Tin.-  bada  Cram  which  nil  these  have  bean  taken  are  calledt 
from  tin  ir  moot  abundant  and  characteristic  form,  the 
\tlanUwmr  fad*.    These  disoovariea  are  treated  sepa- 

rati'h,  not  mil;,  on  arrount  of  their  great  impoti 

but  also  mid  especially  bccjiune  tiny  l»  lone;  (o  an  en- 
tirely diffcrem  i,  viz.,  the  uppermost  Jurassic, 

pluming  in  in  tin1  l  i'i  lai ms.# 

Dinosaurs. — The  most   abundant  and  tho  largest 

reptilert  found  here  are  I'lMOSaurS,      BomS  ten  OX  fcY&lVO 

■•'! ie«  of  this  order  h.  .  ibed  by  <  'ope,  and 

fifteen  or  twenty  species  by  Marsh.     Son 
from  ill-  <:>r  of  the  Colorado   .Mountains,  but 

most  important  have  been  found  on  the  « 


])on«l>cr- 
Mir.  nf  UabrW 

:      ■     ■ 
mat  •■. 


*  The  Ar.lantonmir  IhhU  are  clmwcil  with  ilu-  .luraiwic,  IwcaiiMi  of  the  great  gip  betvrfl) 
it  ami  tin'  Dakota  Crotaoeooa,     Hut  ainco  thin  gap  ha*  boon  fitltil  (»wip.  47JI),  th*qa»- 
BVD  igah  rvlurua  wlivtlier  tliey  should  be  called  CpptCTDoat  Juraaric  or  L©«cn»o~< 
Mceoua.     They  &|ipnri-utlv  correaponda  to  the  WeaMen,  which  manr  geologists  data  altb 
tlw  CtvtuoeouA.     Maruli,  liowttror,  regard*  thciu  tu  decidedly  Jura- 
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Along  with  these  huge  Kumalfl  lived  also  the  smallest  Dinosaurs  jet 
known— one  of  them,  Nanosaums  agilie,  being  about  the  size  of  a  cat 


xr 


fib 


Fl«.  7*&— Pelvic  ireli  or  Morauuni*  irramlit  (»fu-r  Mann),  wen  from  In  front.     One  ililiurt 
nuiur  .1  i.iimtitw  procvM  of  flr-t  Man]  wtcl 

M-nc  tinier—  lit  mood  >«rlebr»;  ji.  fourth  or  Ijmi  m:ibi  rertfcbm;  tic,  neural  canal;  I 

U,  iaclliuni;  //'/,  jh.Ih. 

The  iharao^oriatiae  of  these  anoient  reptfleehATc  been  worked  out 
with  great  skill  by  Bfanh,  according  to  whom  the  vertebras  of  many  of 
tlu'iii  were  full  of  large  eat  itiea,  so  as  to  make  thwu  enormous  bonce 
as  light  as  poufbie.      Tfall  character  reached  its  highest  expresuii  | 

oi  M,n,i.  (Kg.  748). 

The  American  DinoafiWa  were  not  only  remarkable  for  gixc  and 
number  bal  ilea  for  their  great  variety  of  forms.     According  to  Marsh, 

some   of    theta   wero    reptile-footed    (Saurupvda),   eomc    bcast-fuutfl 


&* 


"  ~.t 


',' 


Fin.  Tift.- lljvmtonuunu  cxce)»l«,  >  ,4,  (rralurrtt  h;  Martin 

tropoda},  some  bird-footed  (Ornitfiopoda),  mi  >«elongcdto» 

most  remarkable  family,  Stegotauria  (plate-covered  3$  cot  pre- 

viously recognized. 
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The  Sauropndn  were  tin.1  bagwt  of  all.     They  wi-re  tftv./<W,  jilauti- 
grade,  and  quadrupedal     Their  large,  hollow  limb-bones  (I'iy.  744) 


^> 


V 


\J 


■IVmt 


►*lo.  717  —1.  Tooth  of  LtOMitnn  altn«  rafter  Minhl.  front  view.    *  The  him.  »Hlo  Ttow.    Rnth 
Iwie*  luuuml  »Ue.    &   H-mn  of  the  left  hluil  k-S  of  l«in««uni.>  *liu>  i.a/tei  MarMn      One  eighth 
■    aUaral  to*:  U.  ilium:  U.  iwliiinn.  /..  pnbl*:  i/.  imal-publc  boor:/,  femur:  f.  tlhla;./*,  fibula; 
a,  aalragata*;  r,  ealeaiwiuu;   /.  (lr-t  rm-lat  ..  ' ..urih  dii'UIumI. 

and  mar-  (Pig.  MB)  show  that  they  walked  with  the  body  well 

I  from  the  ground  {Tig.  74»)).  Tln.-y  were  probably  herbivorous. 
Good  examples  of  these  are  teen  in  tlu>  A/tn>ifo.<t(ntru.'t(ii  thigh  of  which 
was  found  more  than  eight  feel  long  Mid  twenty-five  Inehet  thiok,  the 
auimal  itself  being  probably  at  La  humlmi  feet  long);  the 

aunu,  sixty  feet  long  (Fig.  740);  and  the  Morotaurns  (Fig. 
744,  74.-.). 


use 
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were  well  protected  with  broad  plates,  some  of  whioh  have  been  found 
three  bet  in  diameter,  ami  Brmed  with  sharp  spine*  two  feet  long. 
These  latter  were  placed  on,  each  side  of  the  powerful  tail,  ncu 
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Fly.  TBI.— atrgounnu  Mcrrope,  v  J  QtftaT  Vnrvh). 

end, and  must  bate  bMD  rerj  formidable  weapons  of  offense.  Tho  di»- 
party  in  rise  <>f  hind  uid  fore  ilmbi  (Fig.  W9),  greater  than  iu  an; 
known  DinoMar,  thorn  that  they  walked  habitually  on  the  him!  . 

like  the  ,""/</.     Like  them,  also,  thej  prob  *  to 

fmir    toei    on    the 

hind  -  feel 

bruins  of  all  Jam- 
no  Dinoeann  w^re 
small  in  com- 
•n  with  I 

I 
mm  especially  !  nii- 
make  up  f<>r  tli..- 

Dormoaa  enlargement  of  the  spinal  cord  in  thenarral  r  Ddi 

sacral  bruin — if  we  may  m  call  it — i  imes  bigger  thai  mn- 

iaJ  brail  It  was  necessary  in  order  to  work  the  ]«iwerfel 

liind-lcu'H  wul  tail. 

Ichthyo3aurs. — Besides  tin-    IHnosnurs,  Marsh  describes  from  the 
same  formation  (Jurassic),  but  fro  r  horizon,  an  lehthyoaui- 

rian,  but  differing  entirely  from  the  [chthyoeaanuj  of  the  European 
Jnnush-  in  being  looihlms.     On  this  account   be  calls  the  gt? una  / 
ftmodon.     Thie  reptile  had  .-it  digits  in  both  fore  and  hind  fuel— a 
new  and  most  remarkahh  bature  (Fig.  1B&). 

Birds.— In  1681  Marsh  discovered  in  th  ..-into, 

saur  bedfl  uf  Wvi  ii  Wirassic  bird  (Laoj  r«-rv.\),  the  only  one  yet 

kuown  in  America.    It  was  undoubtedly  a  reptilian  bird,  probably  with 


-   I..  I:  In n.l  [Milrllo  of  BnpUno<1i.ri  di»m   mftrr  ManliX   ««t> 
from  below,    Our  r.  tibia:  I,  murine- 

bdlj 
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Iteth  and  bi-cuiumxs  trrtebrte ;  but  the  remains  ore  too  imperfect  to 
permit  distinct  characterisation. 

Mammals.—  Lastly,  in    t h i •   same    lieiK  March    has  rii  some 

twet  -]  Tries  of  small  marsupial  mainmals.     A.0O0rding  to  him, 

then  curly  mamm;ils  were  not  typical  M  araupiala,  Imt  a  generalized 
type  cor  i  with  InBfiOtiTOra.     JIo  makes  of  thera  two 

sab-onlem,  Pantotheria and Allotljcria,    Fig*-  '.">:$  ami  i.*»4  are  repre- 
■  i.f  these  twc  tj  pea. 
Physical  Geography  of  the  American  Continent  during  the  Jura- 
Trias  Period. — During   l *.■  1 1 . i .  ■ .: ■ . i .  •  times  the    Ulanti  line  was 
: .inly  farther  east  than  it  whs  tub$aqtuntJj/%  probahlj  farther  east 
te(p.  288).    At  the  end  of  the  FalflM  \p- 
on,    Coinddently  with  the  n[t-pushing  of  the  Appa- 
lachian chain,  the  sea-border  probably  went  downward,  and  the  shore- 


r 

/ 


i  lowcf  jnw  nf  Diploeyooda 


i1it*l«wr.    Twlcauiantl  »lx»: 


lino   advanced  westward   on    the.    Ittd.      During   the  Jura-Trias  the 

■  to  tha  north  bej  >nd  whal  il  is  noir,  (or  no 

border  deposit  is  risible;  and  along  the  Middle  and  Hoathera  state* 


Fio. tm. — Lcfi  loner  j»i».ir  in  1,-,'  daaacmtoi  irtarXsnb]  hmtttttw   FMi  liiiKnimtiimiciaa 

it  was  certainly  be\<< ml  the  bonndlng-line  of  Tertiary  and  Cretaceous 
(see  map.  p.  891),  for  nil  the  Atlantic  deposita  of  this  :i£r  have  been 
covered  by  subsequent  strata;  and  vei  probably  not  much  beyond,  for 
some  of  these  Jora-Triai  patobes  seem  to  have  been  in  tidal  connection 
•* it li  the  Atiantio  Ocean.  It  is  probable,  therefore,  that  the  shore-line 
a  little  beyond   the  present  Ken  England  shore-line,  and  a  little 
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beyond  the  old  Tertiary  shore-line  of  the  Kiddle  ud  Southern  At3 
tie  States. 

A  little  back  from  this  Bhore-h'np,  and  at  tho  foot  of  tho  then  A|t- 

juilai'liiaii  chain,  there  vva.-  ....  io»ion   or  plication  hollows 

stretching  parallel  t.>  the  chain.    Tin-  northern  ones  had  been  bra 
Sown  to  the  sea-level.  ,.n. I  the  tid.-;  regularly  obbcd  and  flowed  •■■ 
t ln-ii  M   in   tlio  bay  of  San  Francisco,  OT  Puget  Sound,  Rl 
time.     In   the  waters  of  these  bays  lived  swimming   Rei  roco- 

dOian  and  L;i'-'-iii.iti,  and  on  then   Hut,  muddy  shores  walkrd  grrat 

i  likir   Reptiles,  and   possibly   reptilian   Birds.     The   more  SOUll 
hollows  serine. 1  t'i  iui'i     liecB    SOOTS    tin-   sea-level,  mill  «er<-  alternately 
coal-marsh  and  fre.di-wut. t  Ink. ■.  .114. tying  by  streams  into  the  At- 

lntitK'.    Bines  thai  time  tin-  eoaat  has  rbon  200  or  aoo  feet,  and  these 

patches  BN  therefore  idi'\at.ed  so  nuirli  above  the  sea- lev  id, 

Meanwhile,  somewhat  similar  changes  were  going  on  in  the  western 
portion  of  tho  continent.  During  Paheazoic  times,  the  I' 
line  was  just  east  of  the  Sierra  ICange,  and  the  place  of  this  range  was 
a  marginal  sea-bottom.  At  the  Hid  of  the  Palaeozoic,  coincidently  with 
Appalachian  revolution  ulreudy  explained  (p.  400),  tin-  It  ih  B 
region  was  elevated  aud  becutno  land,  while  the  Nevada  Basin  region 
ided,and  the  Pacific  shore-line  advanced  eastward  to  Battle  .Mount- 
ain. But  the  whole  area  between  this  Basin  region  continent  ami  the 
Palaeozoic  ana  of  eastern  North  America,  including  the  Plateau  ref 

and  the  Plaini  region,  v  1    cov .  red  by  one  or  more  shallow  inland  seal, 

with  imperfect  connection,  or  none  at  all,  with  the  001  in  vhieh, 

I  herefore,  u'vpsum  and  salt  deposited  by  evaporation.     At  least  1  - 
in_'  Jurassic  times  this  inland  eoa  became  broadly  conn. •  fa  the 

ocean,  >•■  that  ooaanio  conditions  prevailed.  The  place  now  occupied 
bj  the  Wuhsntch  Mountains  was  then  a  marginal  *6a~botUnn\  bordering 
the  Baein  region  continent  On  the  west  the  Pacific  shore-line  was 
eome  distance  east  of  the  Sierra,  and  the  plncc  of  that  range  was  still  a 
sca-hnttom,  though  DOt  BO  ch.s.dy  marginal  as  in  PalSMMOio  times. 

Disturbances  w hich  closed  the  Period. — Th is  long  Jun 
was  closed,  and  bhi  I  In  taceoua  period  inaugurated,  bj  m  rtr*- 

luliort,  by  which   the  sediments  accunitilated  along  the   then    1' 
ihore-bottom,  yielding  to  the  lateral  pressure,  were  ma*  .■ther 

swollen  np  into  the  Sierra  and  Cascade  Ranges,  and  the 
transferred  westward  to  the  other  side  of  these  ranges.  Coincidl 
with  this  change  probably  occurred  00  the  Atlantic  slope  th.  atevsfion 
of  the  Jnra-Trias  sounds  and  the  onl  bursts  of  igneous  matter,  forming 
the  trap-ridges  already  spoken  of  (pp.  451  and  452).  Kxtcusir©  changes 
also  occur  at  the  same  time  over  the  whole  region  of  tho  inland  seas, by 
subsideniv  and  the  inauguration  of  oceanic  conditions,  which  continnecl 
fao  prevail  dining  the  Cretaceous.     T  .-aeon  to  believe  il 
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many  of  Um  BuSn  ranges  were  farmed  ai  thia  time  (King),  allho 

forms  were  given  much  later  (p.  880))     It  was  essoin  < 
a  period   of  mountain-making  in   tin*   western  part  of  the  American 
Coritiuent 

Section  4.— Cretaceous  Peiuod. 

The  most  general  characteristic  of  this  period  b  its  transitional 
character,  lii  it  Mcsozoio  types  are  passing  out,  anil  Cenozoic  or 
modern  types  arc  coming  in,  and  the  two  type-  th<-!vf..iv  coexist  aide 
by  -  ii'  in  America,  six  far  as  known,  the  Creta- 

ceous lie  unconformable  00  the  Jurassic  or  still  lower  reeks. 

Rock-System— Area  in  America.— 1.  On  the  Atlantic  lordtr  going 
southvu-  "I   no  Cretaceong  rocks  until  we  reach  New  Jersey. 

im:l  a  small  |i:iii  li  peeping  ma  lroiii  under  ihe  edge  of  the 
overlying  Tertiary,  anil   marked  cm  the  map  (p.  201)  by  obliipie.  111 
rupted  lines.     This  patch  passes  through  New  Jersey,  I  lelawarc,  Mary- 
land, to  the  border!  «>f  Virginia.    Passing  south,  we  line!  no  continuous 
area  until  we  reach  Georgia;  yet  it  underlies  the  Tertiary  in  nil  thin 

•  ii.  as  is  shown  by  the  fact  that  the-  rifflM  in  North  and  .South 

Una  wrl  throngh  the  Tertiary  and  expose  the  Cretaceous  in  maqj 
places,    'i.  The  aulf-fatrilrr  Cretaceoua  commences  in Waatara  Middle 
ere  all  the  prairie  region  of  Middle  Alabama,  the  northeast- 
ern or  prairie  region  el  Mississippi,  then  ron«  northward  as  a  narrow 

i  through  Tenneawe  oearlj  to  the  month  of  the  Ohio.  It  then  dis- 
appears beneath  the  Tertiary,  to  reappear  ai  an  area  bordering  (he  Qnll 
Terti.it  v  on  the  weat  aide.    '■).  On  the  \  plaint,  the  Cretaceous 

connecting  with  the  Gulf-border  area  stretohw  northwestward  t.-.  arctic 
regions,  occupying  nearly  the  whole  of  the  great,  grassy,  level  Western 
Plain!  called  j'riiiri'.s — though  much  of  ir  i-  nverlaid  by  the  subsequent 

tiarj.    4.  h<  7  Mountain  regii  m  Cretaceong  strata  occupy 

all  the  Platese  region — i.  e.,  the  region  between  the  Eastern  range 
the  Wal  ige,  except  where  overlaid   by  Tertiary  or  removed  by 

erosion.    Recent  investigations  in  Mexico*  rentier  it  probable  that  this 
area  stretches  also  westward  through  Northern  Mexieo  to  the  PeorftQ. 
5.  On  the  Pacific  tmrder.  Cretaceous  strata  form  a  large  part  of  the  ( 
Ranges,  and  also  in  places  the  lev.  hills  of  the  Sierra 

_v.  \\  liitnay  has  estimated  the  thickness  of  the  Cretaceous  rocks 
in  port  ions  "f  the  Coast  Range  as  30,000  feet,  and  Dillon,  80,000  Cast, 

Physical  Geography  in  America.— Ii  -  turi  dUBooll  boa  the  Creta- 
ceous area  just  given  to  reconstruct  approiimately  the  physical  geog- 
raphy.   At  that  time  the  Atlantic  short-lint  in  all  the  northern  par 

:ie  continent  was  farther  out  or  east  than  now,  for  the  Cretaceous 
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of  this  part  is  all  now  covered  by  sea.     From  New  Jersey  southward 

the  shoredino  was  then  farther  i'«  o  i  hnn  now.     Prom  U 

lu  Georgia  tin-  shore-line,  though  farther  in  than  BOW,  via  farther  trul 

than  daring  thfl  Tertiary,  as  the  Cretaceous  is  covered  by  the  later 

pofldta    The  ffulfyw  moon  move  extended  both  northward  and  » 

ward  than  i  iih.  i-  bow  or  in  Tertiary  times,  its  ■bore-line  being  al 

the  extreme  limit  of  the  Cretaceous  of  this  region.     I 

then   intended    northwestward    nn    i m in.  m- ■•! ■.    ..  ring  tlif 

Plains  region  and  the  Reeky  Mountain  region  aa  far  westward  a.-. 
Wahaatcb  Range,  ami  dividing  the  continent  into  two  continent! 
eastern  or  Appalachian,  and  a  western  or  Basin  region 
place  of  the  \V:iiiMitrii  range,  was  then  the  marginal  bottom  of  thia 
tenor  Oretaceooi  sea.     The  l';n  ilie  Ocean  iii  thiit  time  washed  ag  ■ 
tin    f.iot-liills  of  the  Sierra  Range,  the  place  of  the  Const  Itunge  b. 
thus  its  marginal  bottom.     These  facts  are  represented    in  the  ao 
paining  m:i]i.    The  probable  connection  of  the  Gulf  with  the  Pai 
hi  also  indicated. 


Via.  TV..  — Mn|i  riT  North  America  In  LYcUecoiu  Tim.*. 

Rocks. — The  rooks  of  the  Cretaceous  period  coi  [a,  and 

clays,  and  limestones,  as  in  othpr  periods,  hut,  as  a  whole,  are  less 
qUOnfly  BOetamorphic  than  in  tin   older  rocks.     There  is,  hnwei 
kind  nf  rock  found  in  this  age  in  Europe  which  is  so  peculiar  and  » 
interesting  that  it  must  not  be  passed  over  in  silence.     We  refer  b 
white  chalk  of  England  and  France,  from  which  the  form  !  the 

period  take  their  name,  "  t  .Wtaccous." 

Chalk. — Chalk   is  a  soft,  while,  pure  carbonate  of  Unit.     Scattered 
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through  the  soft   BUMM  itnr  found  very  characteristic  nodules  of  pnro 
flint.      These   nodules  are  of  various  sizes  and  shapes,  sometimes 


r 


X 


i 


ttered    imgntt 
letimes  arranged  in 
r*.      Often    some 
fossil,     especially     a 

u  nii- 

around     M'hich 

the  aggregation  of  the 

Bona  matter  takes 

place.     On  account  of 

fa  extn  dm  softness, 

ili.ilk  is  often  sculpt- 
ured  hy  train  If 
cies  into  ftmtartM  cliffs 
and  needles  (r: 

Examined  with  the  microscope,  chalk  is  found  to  be  composed  largely 
of  Bhicopod  shells,  and  of  CooooliUu  and  Cocooepheres  (supposed  shells 
of  ai  i  ■  i  •  -  -  - 1  ■  •  - .  I  plants),  gome  perfect,  more  broken,  most  of  all  completely 
disintegrated  i  Pig,  ",:>',).    The  fiint-nodolao,  similarly  examined  by  sec- 

.,  show  spicules  of  sponge  and  siliceous  shells of  •    Chalk 

euch  aa  described  was  supposed  to  bo 

found  nowhere  except  in  Kiiropo,  but 
itly   L-iicid  chalk   composed  of   Font- 

minifi-rul  shells,  and  containing  flint;-, 
been  found  in  Texas  (Hill).     Figs, 


Flo.  IML— Vli»lk-CHII»  v  -ilulea. 
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Bte,  IBB. 


i  ■„  no, 


Kiot.  MMHr  FWUIHJnrwu  "r  ClUUt:  7TV7.  ch»lk  •»  i«n  wider  lh<  Micro*c«ipc  (tflrr  N 

•wo.    7M.  Caxnllna  invunla.     T.'rU.  Kl.ili.'lliim  riij;i««.     ;«>.  UtBOla  nuillloldx.    TBI.  Ctirjrta- 
IMuv*  gnvUia  i.»fter  P  orW^iiy  u 

758-761   represent  eome  of  the  more  common    Ilhizopods    found    in 
chalk. 
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Origin  of  Chalk.— -A   material  m>  unique  must  have  boon  formed 
under   peculiar   conditions.     Recent   investigations  have  shown 
chalk  is  a  dtep-etti  OOte.     In  all  the  deep-sea  soundiujrs  and  dredging* 

recently  undertaken,  it  la  found  thai  th«  sea-bottom  between  thede] 
of  8,000  and  feO^OOO  bet,  when  not  too  i  old,  la  ■  white  ooze,  consul 

mainly  of  Rhiaopod  -hell?  (Globigerinn,  Hadiolaria,  etc 
Coccsophcres,  et<:.,  through  which  are  ecattered  nlioi  Dia- 

toms.    These  shells  are  in  every  stage  of  change:  soim 
least  still   retaining  Barcode;  some  perfect,  though   dead  and  en 

some  broken;  mast  cd  then  completely  disintegrated  Into  an  impalpa- 
ble in nd.  From  the  great  alumdunee  of  one  genus  of  lthizopods,  thi* 
caloareone  mud  has  been  called  Globit/erina  ooze.  In  deep-sea  bottoms, 
therefore,  chalk  u  now  forming.  Also,  strange  to  say,  many  Sponges, 
ntd  starfishes,  and  Echiaolda,  and  Crustaceans,  iwji 
found  in  the  ekali  0/  Qrtte&otu  rtutet,  have  been  brought  op 

present  dreji-sea  bottoms. 


Flo.  •«.— «*hrll»  of  LWIne  FurBmlnlfrra:  a.  Ortmllna  nnlTerna,  In  li»  perfect  condition,  aajwiwc  tfc« 
tubular  anliw*  which  radn.t.  rr  .in  !fip«iirtnecof  Ihi  »hrll:  A.  t;)iil>lir*rlnarmlln|iU«  .., 
iitry  condition,  itic  tuln  bullow  aplnta  which  ar*  attivcliwl  to  th*  «hiOI  nlum  r»rf»ct  hartnclxm 
tirokiin  off;  .'.  IVxtnlarla  liulaMll*:  </.  1Viut»J)IIb  plnnnln*.  i.  lfntolla  cwcanicrnta :  /. 
Inrlu  anhnrviialtila.    (Flu-  n  l»  after  Wjrnllc  Tli. .in -. -ii ;  th.  ..ih.r.  •.:■  ttUX  WiIIUuimmi. 
flgure.  arc  grratlj  enlarged.) 

There  seems  little  doubt,  therefore,  that  rhalk  U  a  deep  sea-bottom 
formation.    The  Hint-nodules  have  been  formed  by  a  subsequent  process 
similar  to  that  which  gives  rise  to  other  nodules  (p.  188).     The  sS 
which  in  the  ooze  was  at  first  scattered,  is  slowly  aggregated  into  | 
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flint-nodules,  and  the  matrix  is  left  in  a  condition  of  pure  carbonate 
of  lima.4 

Extent  of  Chalk  Seas  of  Cretaceous  Times  in  Europe—  (.'halk  of 

v  homogeneous  aspect  prevails  from  the  north  Of  Ireland  tit  rough 

Middle  Europe  to  the  Crimean  and  Caucasus^  a  distance  at  L, 

miloi;  and.  In  the  other  direction,  from  the  Booth  <>f  Bwedoo  to  the 

ol   Bordoaux,  a  distauco  of  840  miles  (Lyell).    It  is  evident, 

'.  (hat  ;ii  that  time  a  deep  sea  occupied  a  large  portion  of 

Central  Europe.    The  white  chalk  of  England  and  Pre 

1,(xh-  nick.     When  we  remember  the  mode  in  whist  it  has 

i  formed,  this  thickness  indicates  an  almost  inconceivable  lapse  of 
time. 

Cretaceous  Coal. — Ooal  h  again  found  in  large  quantities  b  roeb 
of  tflalfl  period  in  the  United  States.  The  mode  of  occurrence  is  simi- 
lar to  that  found  in  rocks  of  other  periods;  but  as  most  of 
coal  is  found  in  the  Laramie,  and  as  this  is  a  tmuiiiou  group  to 
the  Tertiary,  ire  Bhall  put  oil  the  discussion  to  tho  end  Ol  thfl  Creta- 
ceous. 

oftftt  O'/u/vu'/.w—Jn  tlir-  lucidities  ulii'iv  the  Ameri- 
can Cretaceous  was  first  well  studied,  viae.,  in  New  Jersey  and  in  the 
Plains  and  Plateau  region,  the  lower  part  of  the  series  was 
wanting, and  hence  a  great  gap  was  supposed  to  eiist  hen  in  the 
ical  record.    Hut  recently  the  Lower  Oretaceouc  has 

;  found  in  Ni.-ui',  widely-eeparsied  regions  and  by  different  oba 
ore,  via,  in  California,  by  Whitney  (Shasta  group);  in  Toss,  by  Hill 

naneho  group); I  In  Canada,  by  Dawson  (K  np)j  tnd  on 

the  Atlantic  border,  by  sfoQee  (Potomac  group).*     The  Comanche 
group  of  Hill  [fl  probably  the  most  com  plate,  and  wo  therefore  adopt 

Heme.  It  is  probable  thai  tin-  lowest  of  Hill's  Comanche  group 
\i/...  7V.  .  may  lie  Uppermost  dnr:i:--  ie. 

Ill'    I    i  tries  may  bo  conveniently  divided  into    Upper, 

Middle,  and  Lower.  The  subdivisions  of  these  are  of  course  local.  In 
Europe  the  Tertiary  is  nearly  everywhere  iinconffirmahle  nn  the  Cre- 
taceous, showing  a  gap  at  this  horison;  in  America  this  gap  is  com- 
pletely tilled  in  the  West  by  a  transition  group  esiled  the  Laramie. 
ion  between  the  main  divisions  of  the  vim-rieM  I  retaooouson 
the  interior  plains  and  Atlantic  border,  and  of  both  with  the  European 
Cretaceous,  at  shown  in  the  following  tablo: 

*  W»!Uiv  IliinV*  that  dull;  w  a  coral  rouJ  fonucd  in  warm  «tM  full  of  foramlnlfcrtl 

land  Life,  | 
f  K»«rc.  Archives  Jet  Sciences,  ml  mvfl,  p.  118  tt  try. 

I  Marvou  hiul  long  apt"  ( I8n.*i)  dUoovcrcd  Xeocomian  in  Xcw  Mexico,  hut  tbc  liincovury 
w»»  not  r««ogoix«<i  by  American  pcolojigU. 
"  riiii  b  probably  a  transition  to  Jurasdc. 
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b.wt«  Tniun. 

AMERICA*. 

A*. 

Wmiu    I'LMM.                     ATIOT1C  B<I«WU. 

WabMtrfa  ind  r*u«w>  Ma. 

Ko-ll«nltt<-. 

1'kutlc  diy.Thaa*  ana* 

Transit  ion. 

Lami 

Wanting. 

Wanting. 

Cretaceous. 

•'r"r/  Oolanda 
Mi  Lilt- Dakota  group. 
Lo«cr.  Coauncbt  p 

N,  J.,  JVnn.,  anil 

Mlaa 

Warning. 
Wanting. 

iM  chalk. 

v  clialk. 

i  Upper  (intiuiDt; 

>        C-avlt. 

K ■  lu 

TfMuWoa 

Trinlty  bed*. 

Potomac  formation. 

Wcaldra. 

Upper  Jurassic. 

liuplanvuvu  beda. 

Wan' 

TurUtk. 

Ltft-Syttm:  rhints. 

Leaf-impressions  are  very  abundant  in  the  American  Cretaceous, 
ami  liic  moet  ooraary  examination  reveals  si  nine  a  type  of  y 

in  .Miiy  lower  rooki,  viz.,  Aug io*p< ,-.,<■■.  both  Diootyls  and  r.dmi 
\\  r  Imve  sniil  that.  t.!m  Siena  revolution  :n  the  end  of  the  .lum-Truw 

produced  important  «;han;jes  in     Vmerieii        s.  teak  in  tin-  rerun  i 

ooeam  ttt  thia  time  in  tho  region  (tin-  plain 

found.     When    the  roo.onl  commence*  again  in  the    Dako 

r.li.ierve  :i  ■::■■. j  greai  .: Lfferenoe  i:i  -he  jnbject-matter.    The  vholeo- 

peei  df  field  ami  f. iie-i  must  Inivo  been  dillemit  ami  much  more  mod- 


Flu.  Ttt. 
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Plo»    Tftt -TM  -OiKTArr..! ••  Pvant*    n.itnr*  (law*  .'after  tfiq«»H);    TBI.    U<Mil<Unb«r Ift- 
Irgritolicini.    7W.  l-aurua  rtrliran;cu»i».    WO.  Querent  prtmordkUla.    AU  mlaocd. 


Fm  774. 


Km  m. 


Plo».  r?1-7TS  -I'i  »m-  ->r  Tim  P..r..«»f-  ' .  BslvniMU 

mile  -..     :;■.'   Mi-cjuo  •   ii  .  in      /n.'iritJom.   77J.  AnJla-jitiruui 

nhtuiilnhtuu.  h  J.     774.  Iledtrapliyllum  ftngnUluiu.  »  |.     775.  Mauafia*  cn-Urrui     - 


ill.'  Laramie  in  the  Cretaceous  wc  may  in  1  il  321}  more  species  to  the 
list,  but  these  latter  are  quite  different  and  Tertiary  in  type.  A  few 
1'alms  hove  also  been  found  in  Yain-oiiver\-i  Inland. 

Il  i*  R  not*  won  I  i_v  fa  t   that  iu:niy  of  tfamo  '.ri-i!.- i 

those  most  abundant  and  varied  in  species  at  that 
noywprwwntod  by  only  one  or  two  species.    For  example, 
there  are  now  only  two  Bpeeius  of  Sassafras  j  hro  or  three  species  of 
Plane-tree ;  one  of  Uriodendron ;  and  two  of  LJantdambai*.    These 
iiv  the  remnants  »f  an  azttnoi  flora. 
Origin  qf  Dieotgh. — The  appearand-  at  the  to  of 

plants,  in  fully  differentiated  forms,  seems  sudden  and  without  pro- 
ton Hut  tho  obvious  reason  is,  that  there  Is  ha  I  ton  of 
record.  Tho  gap  is  now  tilled  by  the  discovery  of  the  Comanche 
group;  and  in  tho  lowest  part  of  this  group  on  the  Atlantic  border 
omaa  formation),  have  recently  been  found  and  i  bj  Fon- 
taine SSO  aperies  a  mostly  of  Jurassic  tjpea (Oonifersi  Oyeads, 
an. I  1'irii-l.  but  among  them,  and  from  the  upper  part  uf  the  forma- 
tion. .  [at Of  I>ieot\k  Theaa earliest  known  Dicoty Is,  though  of 
very  generalised  character  so  far  as  genera  and  families  are  oo&oeraad, 
are  yet  well-          dated,  unmistakable  Dieotyla    We  mart,  Eh 

look  still  lower  f.  .r  their  point  of  origin  and  for  connecting  links 
with  other  classes.  Then  important  discoveries  leave  us  still  in  doubt 
as  f  laaa  of  previously- 


enttjng    planfal    fr.»m   which 
they  may  hare  sprung. 

Hut  if  the  bi  lunta, 

the  Dieotyls,  are  abundant,  so 

are    also    tho  lowest     Pnto- 

phylr*,    or    mii-eille.l    pi.; 

dome,     Deemida,     Ooooo- 
apheres,  are  abundant  in  the 

chalk  of  Knrope. 

.  I  i4i  malt. 

Protozoa.  —  An       nli 
sta"  Ik  ia  made  up  al- 

most wholly  of  ihelb  of  Po- 

reniiinf.'ni'  (Bhisopods)  and 
•  if  aartain  nuVoeDed  plant*. 
According  to  "Khrcnberg,  a 
Inoh  often  contains 
millions  of    mtcrosoopia  or- 

•  Ini'    than  190  spei  Lee  of  Pi  nminifars  have  been  found  in 
English  chalk  alone.    Some  of  those  seem  to  be  species  stil! 


in    \7t.  Tro.  777. 

Tia».   ~ii.   777.    Cirrictnri    RjWMOl  uooU 

Diu«.    77" 
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in  deep  seas.  These  nre  all  extirin.lv  minute,  but  some  of  larger  axe 
eve  found  in  '.In-  Cretaeeotu  li inr-iDHi- ..f  Texas.  Those  from  tho  chalk 
hate  alreadj  bean  given  (p.  4?i). 

•Minion   in   the  chalk,  SS  they  are  alao  in 

deep-sea  bottom*  of  the  present  day.     About  one  hundred  have  been 

foiui.l  in  tin'  rhalk. 

Echinodenns-  —  1 1    fW    i  -w  forth  ne  in 

excess  of  the  stwmma<i.    The  Eehinoidt  are  especially  abundant  and 


Flo.  77* 
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1 1..-  T7H  r«i.— KrniKoiu«  or  nut  (i  dv  Rvwipe:  7K  oiwttn  ■IboKalenu.    7TB  St* 

eoldonylliidrlc*.    TOO.  Uoulvpygiu  major. 

deculedlj  modern  in  typSj  uud  in  the  chalk  some  genera 

with,  and  some  species  very  similar  to,  those  recently  go!   from  d 

sen  oozr.     The  uhove  .in-  from  the  Eumin-.an  <  n 


>$*'- 


r.o  THi. 
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7lo» .TBI.  TSB—LaMLUSBAKBU:  TV].  Ostrrn  HrUrnrfa  infKf  Galrti).    781.  luiKcrarotu  dlmtdlM 

(Krai  KMk). 

Molliisks. — Fin-  t!i<-  ih-.-t  lime  Lamellibrancht  arc  fairly  iu  excess  of 
oods.     Among  the  latter  the  modern  family  of  Trrrbmtitiam 
aspeeuuly  conspicuous.     Among  the  furmer  the  most  noteworthy  fact 
is  the  abundance  of  the  Oyster  family—  Ottrca,  Gryphcta,  I 

and  the  Avieula  family,  AvienUt,  ifloeerawiK*,  01.  <>f  which 

are  of  great  size. 
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Two  very  strun^o  and  aharaotei  roupa  of  bivalve-elulb 

liorc,  and  we  very  abo  is,,  tho  11  ■  and  Ike 

ChamidtB.     In  tho  former,  one  valve  is  small 
ami  often  Bat,  «  bile  the  other  is  enonuoualj 
elongated  like  a  cow's  horn.    En  the 
one  or  1^  ngttted,  and  0 

iniirii  in  the  manner  of  u  nun**  horn.    We 
kivc  come  figures  (78  nogs 

localities  and  son  58)  from  our 

eotuUrg. 

..!.  the 

beaked  or  rip] itod  kinds  are  BOfl  forth! 

first  t  i  iij-o  abundant,  as  in  tho  preaent  seas. 


Ki.-i.  rot 


«'  m 


Pio.TW).  I...    TUt 

Ki««.  TW-TVft— TW.  Blppuritc*  Tow  '  '•  tndlvtdiMl  ■  mail  nnpt  atiarholiafM 

H'i  irin -m  '.     :•"   vv.'Tioii  nr  a  Kadliiliti-ii  •\viinilniiiiu(.*Iii>winB  ilrnrtniw.    joi.   I  , 
mrlarl*    ?fti  i  on  .  (ait<  r  w« 

A !n> i  >!.'ju»ls  tin.    I  i  and  Belt m niles  still   mntinne 

in  great  numbers  and  size,  but   Ihcv  die  out  at  the  end  of  this  ni 
ForaTWi     la  the  Cretaceous  of  the  Western  Plaii 
have   been    found   over  three   feet   in  diametOl    (Dana).       I'!  \l 
teemed  to  have  readied  its  culmination  just  before  ita 
what  is  still  more  remarkable  is  theintrodui  many  m  . 

of  roi  ■■■  and  unexpected  forms.     These  are  Bometlnu 

uncoiled,   as    in    Smphites   (boat),    Crinrrms    (ramVhoi:  *rot 

(how-horn),    Ancyhceras  (hook-horn),   TTamites  (hook);   eometi 
completely  uncoiled,  as  in  -  (walking-stick) ;  son*  >ile<l 
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•.llv,  like  a  Gasteropod,  as  in    'furruii'lvx  and  JMioctra*.     Belom- 
nitoa  (Fig,  796)  also  continue,  though  in  diminishing  numbers. 

These  strange  fornix  Ii  i    likened  bj  Agttsii  to  death-contor- 

tions of  tlie  Ammonite  family;  uud  such  they  really  sueni  to  be.     Prom 


Fill.  T!B. 


Flo.  Tto. 


rio.vH. 


7W-JWl-CnrT»<i"!-  G»»TtRo?oD*:  788.  Cjdgm  Matttirireniiii  Wtm  li.il.ln.     TM   A|«r» 
rtmi»  («kir..n.i»  i»fl.i  l.nbb),    TSB.fi  i.iflor  Lcmjih  i 

the  point  of  view  of  evolution,  it  is  natural  to  BtlppOM  that  under  the 
gradually-changing  conditions  which  evidently  prevailed  in  (  lvntcmus 
times,  tin.-  rigoron  Mesozoic  type,  would  bo  compelled  to  assume  a 
great  Variety  of  forms,  in  the  vain  attempt  to  adapt  itself  to 
environment,  and  thus  to  escape  its  inevitable  destiny.  The  curve  of 
its  rise,  culmination,  and  decline,  reached  id  highoat  point  joet  before 


Flo.  7X>.— Iklcmintc-  Imprcetna  (after  BiMU 

it  was  destroyed.     The  wave  of  its  evolution  crested  and  broke  into 
strange  forms  at  this  moment  of  its  diaMlnthm. 

"Utceans,  tho  Brai-hyurans,  short-tailed   Crustaceans 
(crabs),  which  were  barely  introduced  in  the  Jurassic,  aro  here  repre- 
sented by  several  genera. 
81 
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Fio».  7V7-*i«  —  L'urrn'i.n  »  t'iriiAJofvitw:  T07.  A  mm-  I  ■ .  ."Wl    8<-»[4l- 

lc»  nintlli-  (after  i  "  sterol  lafUT  I'lrn-i       >..>    11. 

(after  Ptc(el).    mi.  Aocv1i«-<ti  *£   KaraUmauccin.  x  l<iJtif 

H   "Ownril).     w(3.  Tumillte,  catena*""  Rafter  D'Oibignjr' 

Vertebrates— Fishes.— In  the  development  of  this  class  somo  oV 
oided  itepain  adrauce  are  hero  recorded.     Placoidsand  Gar 
continue,  hut   Tetttot*,  "r  'n|*-'  typical  modem  fishes,  are  Iran  intro- 
duced fi>r  the  first  time,  and  in  considerable  numbera,  and  eomi 
gigantic  size,     Those  earliest  Tclcosta  were  related  to  salmon, 

ih,  pike,  etc.    Berj  iua  still  found  in  open  Mas,  ie  (bond  in 

thoChalB.  of  Europe  and  LTpper  Cretaceous  of  America.    Among  I 
coiefo,  too,  although  the  Ostrncionte  and  IlybodonU  continue  (the  lat- 
ter, however,  passing  out  with  the  Cretaceous),  I  ,  thr 
true  sharks  nr  Squalodonts,  having  lancet*shaped  teeth,  fire  fot  tlw 
time  abundant     Wo  give  figures  of  Cestraeion 
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■:  1j,  and  iiliso  u  tooth,  natural  size,  of  a  gigantic  pil  long, 

>m  American  <  rotaoeous,  and  ;i  raatoratl 
aUo,  two  Teleosts  from  European  Cretaceous. 


rm.  sn- 


.,•■: : 


am± 


M 


A 


rr"^" 


rm  an. 


)  i...  ~., 


p,...   RM  ««  — riiruniri  Vi*ntt    HaaAiU:  W>l.  Otodvi  fofUf  I 

i(«Tirt  Uld».     TtUtria;  too.  Vonlwua  tiiolown-  -ami  elze  \*t\i-r  Cttpc) 

The  IhjhmVml*  were  essentially  a  IfaMsou  type;  the  Sqnalodonta 
arc  essentially  Tertiary  and  modern.  The  two  types  coexist  in  the  Cre- 
taceous, the  former  passing  out,  the  latter  b  _.  and  linully  dis- 
placing t  The  accompanying  figure  (Fig.  810)  represents  the 
aucoeaaion, rise,  culm imiti. in.  :mil  decline              lum  families  of  sharks. 

Oope  gives  ttinety*eeren  species  of  {forth  American  I 
fishes  known  in  1875.    Of  those,  if  ve  inelnds  the  Ohim  ra  Can  ily,  an 
aberrant  type  of  Placoids  very  oonunon  in  the  Oretaeeous,  forty-fire 
vcr-  -'.     The  rest  are  mostly  Teleosts,  for  the  Curi'-ids  an.-  rap- 
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Diw>*tii/r.<!,  PttMHHmjsaA  <  famKftb  tt,  :"•■•  I  :iI»o  a  new  type,  intro- 
H  '!  In  the  Cretaceous  fur  the  first  time,  the  VoNUOWn,  wholly  mu- 
rine in  habits,  hut    of  long,  -lemler,  snake-liko  form,  ami  ittaL 
extraordinary  length.    Tttrflej  wore  also  found  in  Inge  Uttmbsn  and 

of  great  RM.     \\  B  OU  mention  only  ■  ver.  few  of  thu  must  remarl. 
of  the  Cretaceous  reptiles. 


4  k      I 
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FN.  Sll.— Teeth  o*  IbulrtiMDra*  (»fU»  UMr):  «*.  ttmancnt  of  Ti-ulti;  b  toil  r,  Twtb  itiwaieA. 

Among  EuuUotaur*  the  Irhthtjoftturi'hc  are  not  found  in  An 
lnit  ■/•/</<»  were  abundant,  and  attained  much  nn-uter  *iz<- 

than  in  Europe.  Leidy  describes  ono,  Duauaur  le'las- 
mnsaur,  of  ('ope),  which  wits  fifty  feet  long,  with  a  neck 
of  sixty  vertebras  and  twenty-two  foet  long.  Among 
Hinostiurx  the  Wadrotomr  from  New  Jstv- 
sey  was  twenty-eight  fort  long;  and,  judg- 
ing from  the  huge  nise  of  iU  hind  -l< ■:•.•  Ind 
massiveneas  of  it*  hips  and  small  size  of  it* 
fn  re-legs,    it  seems    to  haTe  been    abh 

stand  and  walk  in  the  manner  of  birds 
(Pig.  BIS).    This  animal  was  a  feg] 
ble  feeder,  with  teeth  somewhat  like 
those  of  the  Iguanodou.  but  aef  fa  .<ev- 
erol  rows,  so  as  to  form  a  kind  of 
ecllated  pavement  (Fig.  811).      Prom 
the  nine  locality  the  Ttry, 

i.  similar  to  the  Megalo- 

saur,  and  twenty-four  feet  long, 

ami  the  Ornttka  bird* 

shank)    thirty. five  feet  long, 

stood  twelve  to  fifteen  feet  high 

g  on  thoir  hind-legs.     Among  Pterosaur*,  Marsh  has  found 

in  the  Western  Oretaceona  the  remains  of  at  least  seven  ipeciea,  kwo  of 
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which  rtn  twenty  to  twenty-five  feet  in  alar  extent,  and  another  ei 

U'l'I)    1' 

The  American  Pterosaurs  differ  from  all  other  known  Pterosaurs 
in  the  fact,  recently  brought 
to  light  byMarah,  that  their 
jaws  were  entirely  f<.i,tl>l. 

ami  probably  9haa&a&  a 

i,ej  in  birde.  n»j  bra 
therefore    bean    placed   by 

Mardi    in    u    distinct    order, 

PiaranodorUia,     from    tho 

type  genus  Ptoranoitn 
(winged-toothless)-  Proba- 
bly all  the  Ain<Tn;iti   l'tcro- 

•'  belong  t<«  this 
•Ono  of  them,  P.  iiujriis.  had 

toothless  jaws  four  Eeet  long, 

„    and  an  expanse  of  wing  of 

t   twenty-two  feet. 

-  AniciiL'  tin-  main   Chrh- 

Z,    Hiatus  (turtles)  farad  in  the 

|   Cretaceous  of  the  Western 
'laina,  of  tho  Uocky  Mount- 

|    itin  region,  and  of  New  Jar- 

|    My,    one,   the   .Ulanludtelys 

5    oiijiiH,  had  a  length  of  near- 

g    ly     thirteen      t  da 

|    breadth  across  the  extendi •  1 

;    Dippers    of      fifteen     feet 

S    (Cope).      The   structure   of 

2   tins  huge  turtle  was  singu- 

o  lorly  cnibrynnir.  The  flnt- 
toned  rib*,  which  by  Qu&t 
coaloHcenee  make  the  greater 
l»rt  of  the  shell  of  I  turtle, 
wore  in  this  species,  as  ill 
the  embryo  of  modern  tur- 
tles, not  ft  I 

But  tho  most  remarks* 
hie  and  chanu  ori-iie  rep- 
tike  found  in  the  ' 

are  the  M MOMVfV  (/'>//'"'- 

■' *  of  Cope).     The 

first  specimen  of  the  order 
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was  found  in  Europe,  OB  the  ri?M  Mwino,  and  hence  the  uame  Mosa- 
ganre;  but  they  seem  to  hare  been  far  more  ubuiuliinl  in  America  At 
least  fifty spade* (Cope)  bate  been  found  in  th*  I'retaceoue  of  Now 
Jer>>  nil  States,  and  Kansu*.     Of  thOW,  lli«   Momaauru*  prirt- 


ic5W 
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>"" 


if     ( 
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P.O. «(. 
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Kn. 

Via*  SnonioTn  i  I  M«r-M.    81*.  J.  Rf*pnli»«ifh  «n<« 

i-«b»  o»  LeMoautus  winuf  <»fu-r  Mvli  .  r-.-  n  from  brloir,  oup  nljtroilb  natural  tta*. 
wrlh  ootllf*  of  ■umnni  front  Eifofwaiina*.  *.  lYlvIc  »reh  «ml  Mmt  llinh*  i»f  LntmiiinM 
•bbm,  •*•«  from  tokxr.    i>w  iw  Ifiri  lul'iml  »ltr.    W.  ilium;  »*,  pobl»:  i 

f,  tin*;  r,  «rul»;  m'  nwl»Urwl.  Tin-  partilln  »«•  nrrwiifixl  *•  hnrliunl»1.  *m1  Uh-  bomfaof 
lk«  «scfc*.  u*  «inn>UI  <l!«|ilx«!  u.  bring  IS.  m  into  tli.  '.nv  pUn*.  KIT.  To«iU.  at  *  Mi-* 
mania,  x  )  {after  Irkly). 

«/w  vu  sixty  to  seventy  foot  long,  and  fyloaattnu  |  /./■.. ■/•..•■  I  ■■'./•■/wlar 
probably  "attained  ;•  length  equal  to  the  longest  whale "  (Cope). 
These  reptiles  aeoni  to  haw  onto  I  the  long,  dander  form  of  a  snake. 


48$ 


OZOIC    EilA— AGE  OF  liEITILES. 


and  the  short,  strong,  well-fingered  paddles  of  a  whale,  with  the  «ki- 
tial  characters  of  a  lizard.     Another  Miake-like  character  posses* 
this  order  was  rows  of  beech  an  the  palatal  bonoa,  in  addition  to  thwe 
in  the  jaws;  and  a  peculiar  joint  in  tin-  lover  jewa,  by  means  of  whi 
when  aided  l>y  tin-  raonrved  tooth,  the  jaws  oonld  act  separately 
arms,  in  dragging  down  their  throats  prey  which  wai  too  largo  to  swal- 
tow  Oinetly  (Fig.  818). 


Fio.  814  — J»w  of  ux  E<lc;tojauru»  (Clldotke).  «  l(»ftcr  Copev 

Wo  give  on   |  ;t  reetoretaoa  by  Cope  of  one  of  the 

slender  forms— Edeatosaurua— und  also,  ou  page  487,  head  and  I 
and  Umbo,  of  other  Mosasiiurs. 

Tim  number  of  species  are  vi-arlv  tnaraaefng  by  new  discoveries. 
The  remains  of  ut  least  fourteen  hundred  iadividnafa  of  Moaaaearohli 
alone  aro  now  gathered  in  Marsh's  oolloetion. 

According  to  Cope,  147  gpeoiei  of  reptiles  hare  been  describee 
the  Cretaceous  of  North  America,  of  which  Bfty  are  Mosnsaura,  lo 
eight  Testudinata  (turtles  ami  -i,  eighteen  I'inosnurs,  torn 

Croewliliuns,  thirteen  Sauropterygia  (PleahniMQylika),  und  four  Itero- 
Mora  4.1  lent!  thrai  noon  Pterosaurs  have  been  found,  making  tin 
whole  number  seven  (Marsh). 

In  Europe,  [gUBJlodons,  T. Kosaura,  Ichthyosauri  I'lesioaaura,  and 
Pteroeaura  still  continue  in  the  Oretaoeoue,  some  <if  the  Inst  I 
twenty-live  feet  in  expanse  of  wing;  and   also  u  few  Mosasaurs  I 

introduced. 

Birds. — The  history  of  the  discovery  of  the  earlier  fossil  hi 
instructive.    Until  LB08,  with,  the  exception  of  the  doubtful  track 
the  CniinectJcnt  River  sandstone,  no  birds  h;ul  bees  found  lower  than 
the  Tertiary.    In  that  year  the  bones  of  a  bird,  probably  relet 
gull,  were  found  in  the  upper  greensaud  and.    In  1869  the  won- 

derful reptilian  bird  Arehaopti  aura,  already  described  (p.  444), 

was  found  in  the  Solenlmfeti  limestone  of  Germany  (Upper  Jan. 
In  1870,  and  subsequently,  Marsh  discovered  in  the  Cretaceous  of 
Jersey  I  ad  Kansas  about  twenty  species  of  birds.    Those  from  New 
sey  were  from  the  Upper  I  us  (Foxhill  group),  and  are  prob 

true  bird*— waders  and  swimmers — though  uot  of  the  higher  orders. 
Those  fro  aa  are  from  a  lower  horizon  (t'olnradogronp — see  table 

-•ii  ]•  174),  and  nre  all  wonderful,  toothed  birds,  entirely  different  from 
any  existing  order.  With  the  exception  of  the  Aittheeopteryx,  thoje 
are  the  most  extraordinary  birds  yet  discovered.     Some  of  them.be- 
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longing  to  the  two  genera  Te&tkfornti  and  Ap&tornii,  wen  without 

the  horny  h$ab  W  characteristic  of  existing  birds,  hut  instead  had  Ihin, 


d±± 


Fio.  UJD.-RMtonitlon  of  IchthjoroU  rletor  (alter  M»*»h».    One  ktlt  tutaiml  list. 

long,  nhmler  jatM,  furnished  with    mnin/  sharp,  ntttienl  trrth,  srt  rn 

twenty  on  each  ride  below,  and  somewhat  fewer  above  (Fig. 

:     Their  vertebra  were  ampbiocelona  or  bi-concave,  as  in  fishes  and 

man  i  reptiles,  hut  in  no  modern  bird  (Fig.  821).     Like  modern 

birds,  however,  thi-y  had  a  kti-1  on  the  breast-bono  for  the  attashe 

of  the  powerful   mucks  of  flight.     Tho  tail  alw)  is  worthy  of  ntt..-n- 

,  being  not  like  that  of  the  Jurasslo  Arebjeopl 

ill  not  bo  reptilian  (Harsh).    These  bird*  were  shonl  I  is  size 
of  t  pigeon,  ami  were  evidently  powerfal  fliers.     Fig.  8M  is  a  res-' 

tfanh  of  one  of  t-hid  type,    Tin- other  tootle  d  bb  I.  bad  similar 
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nary  combination  of  bird  characters  with  reptilian  and  fish  character 
So  extraordinary  and   exceptional   is   this  combination  of  chunn ■• 


Fw.  M6.— Unperoraia  regain,  x  A  i restored  hj  Monh). 

Marsh  believes  be  is  justified  in  placing  them  not  only  in  new 

order*,  but  even  in  a  new  sub-class.     A< rdjag  to  this  authority,  the 

elaaa  of  Birds  may  bo  divided  into  two  gub-chisscv.  w,-...  OruilAes,  or 
true  birds,  uud  Odotliomilhtt,  Or  tOQthtd  bird*  Ami  tin-  DOW  Rib- 
class  Odontornithes  into  three  orders,  via. :  1 1  .  »  (rrptitr-to. 

represented  by  the  Arohewpteryx,  ('^)  O&ontolea  (teeth  m  grooves), 
••sented  by  the  Ilesperornis,  and  (3)  Odonivtonna  (tooth  in  sock- 
<isi.  represented  by  tho  Ichthyoxnis.  Ycl.  exertional  as  these  char- 
acters may  swm,  thoy  are  fast  what  tho  law  of  evolution  would  lead  no 
to  expect  in  the  earliest  birds.  As  already  stated  (p.  4.").".),  tins  branch 
had  not  yet  been  fairly  separated  from  the  reptilian  stem.  It  is  a 
worthy  fact  that  these  toothed  birds  lived  at  the  same  time  and 
in  the  same  localities  with  tho  toothlflOl  Pterosaurs  mentioned  on 
page  488. 

It  is  a  remarkable  tad  that  in  tho  earliest  representatives  of  each 
class  the  brain  is  relatively  very  small.    This  is  true  of  roptilea,  bi 
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and  mammals.     Wo  give  below  figures  taken  from  Marsh,  showing  the 
relative  -!  I  at  the  brain  In  living  and  Cretaceous  birds. 

Mammals. — It  is  a  most  remarkable  fact  that  although  Marsupial 
mammals  have  been  found  in  tho  Jurassic,  and  probably 

OonsiiliT.il .li«  numbers  then,  yet.  M« 

oept  in  tho  Laramia  « 

regarded  as  a  transition  to  the  ] 
ti.'.iv,  not  one  hai  bean  brand 
the  Cretaceous.      We    know  I 
existed  at  that  time,  for  they  are 
found  in  the  Laramie  uf  Aran 
and  in  the  Tertiary  of  both  V.w. 
anil  Ann  rioa,andstf0  exist  in 
tralin  and  elsewhere;  and  it  ii  a 
well-established  law  in  Paleoi 
ogy  that  if  a  type  beoonu 
it  never  rtappears:  Erolution  n 
goes  backward:  Nature  never  i>- 
peata  herself.    It  is  probable,  there- 
fore, that  during  the  Cretaceous  the 
Bfarsnpiaki  which  doubtless  oxi 
had  been  driven  to  some  other  por- 
tion of  the  earth,  where  we 
find  their  remains  when  OUT  kiu.ul- 
i-l  v  if  ihr  ecology  of  the  globe  U 

0  complete;  and   in  them  we 

1  also  probably  find  the  transi- 
tions to,  or  earliest  progenitors 
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Tt  ii  probable  that  die  dee] 
lantic  Ocean  bottom,  shore  chalk  Is  now  fori  it  oontfam 

the  ohalk  of  England  and  Central  Europe,  in  other  words,  in  Crenv- 
I-  linns  a  deep  sea  ran  from  the  mid-Atlantic  tar  into  what  la  now 
Central  Europe,  and  in  the  whole  of  this  deep  sea  chalk  was 
formed.  U  tho  end  of  tho  Oretaoeona  period  tho  eastern  part  w« 
raised  and  formed  a  portion  of  Kurope,  while  tho  rest  remained  ai 
deep4ea  bottom,  and  continued  to  make  chalk  until  now.  Thus  there 
is  no  doubt  th.tr  in  the  deep  Atlantic,  off  tho  coast  of  Kurope.  there  \ai 
been  on  unbroktn  eo  I  re4tu*out 

ftmea   until  now.     Hut  we  ha'  (p.  478)  that  many  of  tint  Ui 

deep-sea  speci  lentical  with,  and  nearly  idl  extremely  edmil.t 

those  found  in  the  chalk  of  Cretaceous  times.     Thus  there  ha*  been 
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not  only  a  continuity  of  chalk-formation,  but  also  to  eome  extent  of  the 
chalk-fun  nn,  to  tin   present  time. 

These  facto  were  certainly  i:ucx|>cci  :  fruin  slinking  tho 

dationsof  geological  science,  as  some,  have  imagined,  they  are  in 
perfect  Mic, >r,|;1iiro  with  tho  fundamental  principles  of  geological  suc- 
cession properly  understood;  us  we  DOW  proceed  to  -how  : 

1.  The  facta  of  identity  have  been  exaggerated.  Many  of  the 
a  unli/  an  idt  Among  Bohinodenna  the  identity 

is  generic,  not  specific.  2.  In  comparing  higher  with  lower  species, 
we  And  that  the  lower  Special  are  widely  distributed  both  in  space 
(geographically)  and  in  time  (geologically),  and  that  the  continuance 
or  range  in  time  becomes  less  and  less  in  proportion  M  «.  rise  in  the 
scale.    Fig.  838  is  constructed  to  illn.-it.raie this  point;  we  see  that  B?« 
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ing  species  of  mammals  extend  back  only  a  little  way  into  the  Quakr- 
.  bring  species  of  uiolhisks  hack  to  the  beginning  of  the  Tertiary, 
while  living  species  of   Foraminifera,  as  we  might  exjiect,  extend  back 
into  the  Cretaceous.    3.  There  is  a  necessary  relation  between  fauna 
and  external  conditions.     Changes  in  tho  Intt.  p  rJetvoina  correspond. 
<  hanges  in  the  former.     Now,  deep-sea  conditions  are  evidently 
far  less  subject  to  clumgc — far  mora  continuous — than  shallow-M 
and  land  condition       I    r  this  reason,  wo  should  expect  deep-sea  faunas 
bauge  very  slowly.     4.  Bat  tins  can  not  affect  the  geological  chro- 
nology, iifain.se  /A/.s  throno  I  trhnlh/  ON  /'<■  W  of 
'"ic-icttfer  ami  land  animals.     Chalk   is  the   only  profound    sea* 
tom  formation  certainly  known.     It  is.  therefore,  wholl,  rjoal. 
•■won  it  is*  exceptional  is  that,  as  a  braid  general  fact,  the  pros- 
throngh  nil  geological  times,  steadily  heaved 
upward  oat  of  the  wean,  growing  larger  and  higher;  and,  therefore, 
successive  additions  have  been   nearly  always  thndnic  tnaiyi 
ma  and  shallow  inferior  seas.     That  the  exception  should  occur 
in  Europe  rather  fch  m  in  LtaM  Ion*  too,  is  in  keeping  with  the  general 
character  of  tho  development  of  the    Kuropeon  as  contrasted  with  the 
American  Continent.     Chalk  is  also  found  in  Teias;  but  here  also  was 

a  deep  interior  sea,  on  extension  of  the  If exicao  Gull     *'■■  Oantoraely, 

the  fact   that   chalk  is  bo  exceptional  is  proof  of  the  development  of 
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ronlitu'hts  U   indicated    under  the  last  heud — proof  t Ii:j  aeril 

faot,  the  great  hmqoali 

surfaces  uud  sea- bottoms,  hnvo  remained  suhetantiallt   mi- 'hanged  in 
Hon  f  r> ■  in  the  first,  while  •tsavd.il>  i i » ■  al  limensaotu. 

■  ;'.■/  I i/»m-t:li(in.s  en  ' 

'I '' ■«■  Me60soLc,and  especially  the  Jurassic,  Efl  obsrac 
minutiouof  two  great  classes  of  animals  \i/..,  CtphaJopod  Mollunks  and 

,  ami  our  <if  plant--',  tie  This  [f  shown  in  the  did. 

on  page  S         i  lie  ealmiaation  of  reptiloi  is.  of  course,  it*  m.. 

gushing ohinoteristia     Thai  it  was  pre-ciniticiith  an  ago  of  Ii'i'p' 

tnaj  iir  shown  by  u  oon^ariaoa  of  its  reptilian  fauna  witii 

sat  day.    There  arc  notion  thowhoU  tecs  »f  the  earth, 
large  reptiles  over  fifteen  feel  long — two  in  India,  om 

in  America— and  nunc  over  twenty  «flv«  lV.-i  long.     In  tin-  ..and 

Lower  Cretaceous el  <?r«;<  Britain  there  were 

Dinoaaan  twenty  to  sixty  feet  long,  ten  to 
Ehuliosaun  ten  to  fifty  feet  lung,  besides  Pterodactyl*,  turtles, 
(Dana).    Again,  in  the  Orttaeiout  of  th    Unitod  Sta  the  full- 

ness of  reptilian  life  Vol  even  hale 

Found,  no  I  of  them  od  gigantic  nxe.    Among  tbeee  e 
speotei  of  Mceasanrt,  some  seventy  to  eighty  feet  long; 
Dim  laity  to  lift v  feel  long;  besidee  Brail  roaanra,  Ptegonsnn, 

and  tOFtlei  (Cope).     Those  arc  pr\ 

fOSSfi  fauna  of  any  period  El  hut  a  fragile  anal  fain 

period.     Not  only  did  reptiloi  greatly  predominate,  bnt  the  ago  seemed 
bo  impreaa  its  reptilian  cbaj  all  >ther  higher  aninv 

that  "in.-.    The  birds  were  reptilian  birds,  the  mammals  ■■ 

mammals.     All  animals  us  yet  wee  ■  ■■"> (birds  and  reptiles)  or 

tevu'-iiriiiarntts  (marsupials). 

That  the  clitnatt  was  then  warm  and  uniform  is  sufficiently  at' 
iiv  the  oharaoter  of  the  Fanna  and  flora.    All  great  reptOes  and  all 
cads  and  Tree-ferns  are  found  now  only  in  tropical  or  sub-tropical  rp» 
gions.    This  tropical  fanna  and  flora  were  i  illy  similar  in  all 

latitudes  in  which  the  strata  have  been  found — eron  as  far  north  a 
Spitsbergen  (Nordenskidid).*    During  the  latter  portion  c»r  the  Creta- 
ceous period,  as  indicat' I  bj   the  abundance  of  tUeidvoui  Di 
climate  of  North  America  had  become  cooler,  being  about  g*  or  ]<> 
wanner  than  now. 

Disturbance  which  closed  the  Mesozoic — The  disturbance  wh. 
America  closed  tbo  Cretac  riod  end  the  Mesozoi©  era  was  »n 

arching  of  the  earth's  crust  over  the  whole  Plains  and  Plateau  n\ 
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by  which  tha  great  interior  Op  sea,  which  p  divided 

America  Into  two  continents,  was  abolished,  and  the  continent  became 
one.     At  the  same  time  the  \\  ahsntch  and   Dintah  Mountains  I 

principally  formed,  uini  tin-  •m-i.-i n  Uoeky  Bfountaia  range  greatly 
•leTRK-ii.    If  the  and  of  the  Jurassic  mi   preeminently  i  timi 

7<ii«-niaking  (Sierra  revolution),  the  and  of  the  I  rataceoufl  was 
pro-cm inonr.lv  a  time  of  coi/tiuenf -making.    The  disturbance,  as  usual 

with  thuH)  which  close  an  era, was  probably  to  101 txtenl  MCfflalory — 

■   prolmlih   lii'.'lirr  and  cooler  during   tin-  hitter 

part  of  the  Cretaceous  than  during  tin-  rabaequent  Eocene, 

ige  ».f  phyeioal  geograph y  was  enormous,  and  the  change  pi  olimafti 
doubtless  correspondingly  great.  We  ought  to  be  prepared,  there- 
fore, to  find,  u  it  h  the  opening  of  then  y  great  change  in 
tin-  organi 


|MI  I. 

chan 
was< 


Laramie,  or  Transition  Epoch. 

in  the  schedule  on  page  t? 4,  we  bare  indtoated  a  transit i-'ti  i 
called  the  Lararait,    Then  hat  been  mnob  controversy  about  the 
Ition  rif  then)  strata.    Some  hare  pot  them  in  tin  Tertiary, same  in 

the  Cretai  eons,  and  some  Inn c  re  janled  thrtn  aSCOmpletel]  Iran-itional 
reen  the  two;  wh  dentil  lot  hers  woidd  solve  the  dMBeolty  bj  aesigning 
tin-  lower  part   to  the  I  n-taceous  and  the  upper  part  to  the  Terl 
Bbratigraphically  the  Laramie  is  contmaoos  v.nli  the  Orataoeons  I" 
and  in  some  places  also  with  the  Tn  ' 

the  West  in  -"in-  places  gradates  through  the  Laramie  into  the 
Tertiary  without  break.    This  it  especially  brook  California,  where 

i  pper  Cretaceous  gradates  e'lmplettdy  and  without  the  least  b 
through  i  into  the  Tertiary.     The  difficulty  of  drev 

the  Hue  of  separation  on    paloontologiml  grounds  is*  equally   gl 
lie-  plants  are  decidedly  I  in  general  aspect,  but  the  annuals 

-r.  .hilly  the  land-animals,  arc  as  decidedly  Creta. 
meanwhile  passing  from  the  marine  throogb  hraeki.-h- water  into  tit  lh- 

i  r  forms.  Cretaceous  Dinosaurs  still  linger,  but  Tertiary  types  of 
Hants  bavo  already  taken  possession.  Main  palaMootanisti  alum  it 
fur  Tertiary.      Nearly  all    |vsilwozoologiats    put    it    in    the    (rita. 

There  ti  little  doubt  that  it  is  really  transitional,  although  probably 
more  oloeely  allied  with  the  Cretaceous, 

explanation  •  u  obvious  :  Wo  have  seen  that  at  the 

eudafth  hi-  the  great  interior  cretaceous  sea  wasaboli 

and  itfl  i  re   shall    BOS   hereafter)  was  partly  OCOU- 

ib-water  lake-.    Cfow,  thii  i  bange  took  place  somewhat 
ae  oceanic    condition    passing    into    the   l&ko-i- 
Ores  der  mediate  brackish-water  condition  of  isolated  sens,  the 

sedimentation  going  on  all  the  time.     While ooeanic  conditions  pre- 
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it  was  taken  possession  of  by  new  types  of  Plants,  pn>bnbly  migrated 
from  the  north:  and  thua  Cretaceous  land-animals  an- 1  IVrtnuv  luml- 
plants  existed  side  by  side.     Meanwhile,  the  nonius  shells  by  cl 

Iftfona  were  most  of  them  destroyed,  but  some  slanged  through 
hrackish-water  forma  into  fresh-water  Eotma  of  tin-  Tertiary.    6 
I  thia  change  of  molluscun  types  have  been  traced  ( \Y  i  | 
i:  transition  strata  are  of  especial  interest,  and  deserve  separate 
treatment  in  Order  to  emphasise  their  1 1  I  ohsad 

Arm. — From  what  is  said  above  it  is  evident  tluit  tin  Laramie  SX- 
ists  over  very  wide  areas  in  tho  region  of  the  interior  Cretaceous  sea, 

it.  is  largely  covered  by  Tertiary  lake  deposit*     It  is,  how 
exposed  along  the  eastern  base  of  tho  Colorado  mountain*,  from  Mi 

America;  also   in  I  munis   plains, 

re  it  is  traversed  by  tho  Union  I  dlrosd.    This  is  the  typical 

lity  from  which  it  takes  its  name.     On  the  Pacr  B  part  ut 

least  of  theTejon  group,  and  also  the  principal  coal-field*  of  California, 
Washington,  and  British  Columbia,  probably  belong  to  this  lion 
In  the  typical  locality,  on  the  Laramie  plains,  the  strata  are  several 
ind  feet  thick,     h  represents^  then-fore,  a  long  period  of  time. 
I.ij-  — The  vegetation  was  very  abundant,  and  the 

plants  had  already  assumed  a  Tertiary  sspset     About.  :(.':!  ipeolssoi 
plants  are  known,  of  which  988  Bpeoies  are  Dicotyls.     We  give  a  few 
rations  of  these  from  Word  (Figs.  830-883). 
*i 


4'j> 


siBiizoii:  eua— a«;e  ok  iti:rnt.F.s 


Coal. — Cum!) linn*  seem    i<<  have  !«■>  i  hilly  favorable  for  the 

mulation  and  pi  onei  ration  of  the  abundant 

the  QarbODifeFOQB,  by  fur  the  largest  coid-fields  of  the  Unite 

inn]  <if  British  America  belong  bo  the  Cretaceous,  and  especially  to  this 

ln'ii,' .'>!;.     The  moat  important  of  tlnm:  (  1.1  alfl  are  tlie  f'dl"»\ - 

tag:  l.  A  large  Held  covering  the  greater  portion  of  Western  Kansas 
and  Eastern  Colorado.    2.  Another  valuable  Bald  in  New  Mexico, of 
almotl  sqaaJ  size.    8.  ^iill  another  of  greater  aiaa  in  Dakota,  and 
tending  northward  far  into  British  America.     These  are,  all  of  t) 
Dii  tlit-  J'ltiin*.    4.  un  the  Plateau  a  valuable  field  covers  nearrj 

whole  nf  the  Laramie  plains  in  Wyoming,  and  stretching  to  the  bot 

of  L'luh.   The  an  al  fields  of  the  Plains  and  I'lutenu  r< 

i  iwi  known,  Imt-  must  be  enormous.  Some  of  the  Holds  are  ah 
extraordlnarj  richness,  the  seams  being  often  fifteen  to  twenty 
thiok.    They  ahaost  rival  I  Belda  of  the  Oarboniferanai  ah' 

On  tbj  bOfdtT  there  are  several  fields,  widen  p 

ably  belong  to  n  uori/,on,  via. :   1.  Monte  Diablo  and  Go 

Hollow  mid-field  iii  California.  •-'.  Seattle,  Carbon  Hill,  and  Belling- 
bam  Baj  ooaU  of  Washingtona  '■'<■  Nanaimo  or  Wellington  coals  ©f 
Vancoir. er'r  Island,  British  Columbia 

It  is  li.-ual  to  call  all  these  later  COals  Ll  0  imagine  that 

they  are  very  inferior;  but  much  of  the  I.«raniie  coal  is  of  good  quality, 
and  hardly  distinguishable  in  nj  e  from  coal  of  tho  Carbonifer- 

ous age. 
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Animals.-— We  give  a  few  cliaracterlstic  ehtlU,  taken  from  ' 

iIil'.-.  S'»]  '■:  ..test  interest  centers  in  the  Dituntaun, 

and  especially  il .,  •  discovered  mammals  of  this  epoch.     As  « 
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-■  1 1 1 ■ : i ■  i ■-  i  lid,  tlit-  Ditiosiiurs  8iill  continued  to  linger,  but  under 
rapldlj  changing  conditiona,  and  ready  t"  disappear.    And  here,  again, 

ms  in  ttlfl  D),  wo  observe  thai,  the  last  survivors 

Uke  on  strange  and  grotesque  forms,     In  this  class,  al .-•.,  case 

in-   wave   i.f   evulutinn   OTOSted   rin-I  broke   HltO  BtTB 

forau  at  the  moment  of  ita  n     The.  ntonl  remarkable  of  nil 

I  faoaann  wore  the  different  species  of   1  B-horned  E 

Ki*}.     This  genu  wn*  characterised   bj  the  possession  of   two 


c 


Fiu  (W.    -Trl««lftp»  flah«IUtr» .  «  ^  (»ft*r  Mjinh).    /?.  n»»»l  onrnilng:  ft.  orMI     I    frontal  born 
cot* ;  A',  na»»l  kunxoro  ;  r,  t>oci|>lul  urol .  \i.  prv-ikuuiy  bvue  .  r.  ro*ml  bona. 

enonnotu  borne,  three  feet  long  and  ten  inches  in  diameter  on  the 
frontal  bones,  and  one  of  smaller  size  on  the  nose;  and  by  a  large  oo 


Flu    KrJ  —  DIclouliM  mlrmbilm,  x  fe  |ftft*r  0»p4X 

ital  crest  p  kwsrd  and  outward  und  curving  downward, 

and  fringed ;  I   horns  somewhat  in  t]  Aral  the 

horned  lizard  (Phrynimma).    Th<  and  of  tha  movl  i  ><lcaa, 

and  covered  with  born  forming  a  beak.     A  head  of  one  of  those  has 
found  more  khan  tii  feel  long  and  four  feat  vide,  and  and 
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sight   f"''[   long.     It  WW  |irnlal)ly  tho  hugest   nf  tho  huge  anhnaliof 

this  coder. 

Another  strange  DiaoMBZ  of  t! 
df  Copa  (Fig,  889).    Thai  ra  a  huge  bipedal  herbivore,  thii 

.1  head  three  and  u  half  feet,  with  i  i  ..oon-bili 

Ml  of  nuriK-rotid  teeth  (two  thou-uol  kO  all),  - 
thOBQ  Of  the  llii'lni-nur  (p.    I ».")). 

Wammdla. — The  great  gap  between  tho  Jurassic  and  Tertiary  a 
mals  mentioned  on  pui  .is  only  very  rcreutly  |  ' 

lilled  by  tho  diBOorery  i.y  Marsh  of  twenty-four  species  of  mammals 
fr.im  the  I.ar.-miii'.     The  teeth  of  two  of  the  rim.-!  chai  io  specie* 

are  given  in  B1ga>  840  and  84L    These  Tory  important  d  -:of 


] 
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Fm».  S40»nf]  Ml  --I.jkRtmK  Mumw  inff.  r  Marrb).     lift  i  Imolomp  fnicllU,  >  8.    MI.  IU1»- 

Marsh  were  supposed   to  be  uniipie.      Bin  present 

(18fli»)  Iivinoine  has  found  at  Ceruay,  France, a  mammalian  .faun, 
which  Mctuthcres,  extremely  similar  to  those  of  tho  Laramie,  are  aaso- 
oiated  with  Entherea  oharacteriatlo  of  the  lowest  Tertiary  (Poet 
beds).*   Thus  \\\c  connection  of  the  Laramie  with  the  Tertiary  is  r 
still  closer.    But  the  gap  Mill  remains;  we  still  look  in  nun  in 
progeniton  Of   the   Ti-rt  i:irv    m.-mimals.      They   will   doubtless  y-' 
found   in   the  Cretaceous  and  probably  in  the  Laramie  of  this  or  pos- 
sibly soma  other  country,  from  which  they  migrs  the  begin 
of  the  Tertiary. 
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CENOZOIC  ERA—AQE  OF  MAMMALS. 

This  deserves  the  rank  of  a  distinct  era,  and  the  corresponding 
Id  that  of  a  distinct  tifttma,  because  there  is  here  a  great  break  in 
the  rock-system,  and  a  still  greater  break  in  the  life-system.     Between 
flu-  rooks  Of  the  Cretaceous  and  Tertiary  there  is,  m   Europe,  al,: 
universal  unconformity     In  America,  on  the  contrary,  MpeoUfy  on  the 
Western  Plains  and  in  California,  there  seems  to  be  in  some  places  a 
linuon*  aeries  of  conformable  rocks  connecting  the  two  eras  (Hay- 
l.     The  record  teems  to  be  continuous.     Yet  here,  nolens  than  in 
Europe,  there  is  at  u  certain  horizon  a  rapid  and  moat  extraordinary 
change  in  the  life-system.    This  it  seems  impossible  to  explain  on  the 
•ry  of  evolution  unless  we  admit  periods  of  rapid  evolution.     Tho 
reason  why  there  is  no  general  unconformity  in  America  is,  evidently, 
that  the  movement  here  was  coiiliuttital,  and  not  more  mountain-mak- 
ing and  strata-crushing.    Such  continental  movements,  however,  would 
produce  very  great  changes  in  climate,  and  therefore  in  organic  forms. 
The  end  of  the  Jurassic  wus  a  period  of  mountain-making,  and  there* 
foro  of  unconformity— the  end  of  the  Cretaceous,  a  timo  of  continent- 
making,  and  but  little  unconformity,  but  very  great  change  of  climate. 
refore,  although  the  interval  lost  in  America  seems  greater  at  Che 
i>f  the  Jurassic,  the  change  of  fauna  and  flora  was  far  greater  at 
Tin  end  of  tRo  Cretaceous. 

General  Characteristics  of  the  Cenozolc  Era.— As  indicated  by  the 
name,  modern  history  commences  here ;  modern  types  were  introduced 
or  became  predominant;  tho  present  aspect  of  field  and  forest  com- 
mences, and  the  present  adjustment  of  tho  relations  of  tho  great  classes 
and  orders  was  established.  Then,  as  DOW,  the  rulers  of  the  seas  were 
great  sharks  and  whales;  the  rulers  of  tho  land,  mammalian  quadru- 
peds; and  the  rulers  of  the  air,  birds  and  bats.  .Many  of  the  genera 
and  some  of  the  species  of  both  animals  and  plants  were  identical  with 
those  still  living.  The  dominant  class  becomes  now  Mammals :  Rep 
tiles,  therefore,  in  accordance  with  a  necessary  law,  decrease  in  size  end 
numlxir,  and  thus  find  Safety  in  a  subordinate  position.  In  some  of 
these  characteristics  of  the  Cenozoic  era  was  anticipated  in  the  Upper 
iiccons,  in  accordance  with  the  law  that  tho  first  beginnings  of  each 
age  is  in  tho  preceding  age. 

Divisions. — The  Cenozoic  era,  or  age  of  Mammals,  embraces  two 

periods,  vis. — 1.  The  Tertiary,  and  2.  The  Quaternary.     In  the  Ter- 

y  all  the  mammals  are  now  wholly  extinct,  but  the  invertebrate 

iM  are  some  of  them  stilt  living,  and  an  increasing  percentage  of 

living  species  appears  as  time  progresses.     In  the  Quaternary  most. 
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though  not  all,  of  the  mammali/m  >| lea  l  net,  bat  nearly  all 

(ninety-live  01  tnOM  |»-r  cent)  oi  tlu- 

I  i  an  graphically  represented  in  the  following  diagram,  in 


CRETACEOUS 


T      E     R     T     I      A     B 


EOCENE  MIOCENE       PLIOCEVC 


JUATEBNRBV 


bLAC     CH«M      TCP 


ngcr.'ir 


ait 


m 


\& 


1  :i.   si;.     Dlagnn  UliuuitUng  the  Itclulivt  UuruUon  of  Urni-i  and  lliglicr  SpCCfc*. 

which  the  curved  ascending  lines  are  the  total  <•/  appearand  i 
Hid   of  SgtfffStfMMi  ■  of   For". 

bacons  .Jiriis.  and  of  mammal*,    [neacfa  oaso  the  li  -jiace 

represents  living  species  eppei  anal!  numbers,  and  in 

wiili  thv  progress,  ol  time;  and  the  nppev  ansbsded  or  lees  ahi 

•,  previous  speoiea  gradually  dying  out  and  becoming 
is  seen  that  living  species  of  I  comm  need 

aa,  and  rery  steadily  increased  in  nnmbor;  those  ■•< 
BMoeed  in  the  esrli  -i  T<  rtun-v,  :m<i  it,.  >mewhat  i 

while  ilmsi-.if  imimmal*  commenced  only  in  the  Quatcr  ,  in- 

(  I.  ;i>ii|  i:.iri'i'.^|Hiinliii^ly  rapMly. 
ami  c.MiiKi  at  any  lime   i--  ■  li<-v  n   \,\  comparing   the  anviitu 

above  and  below  tin'  line  at  thai  time.    Also  the  relativi  ■  ■  m 
of  [ow  and  high  species,  end  tin-  amount  of  overlapping  of  n 
laiiuir.  ve  shown. 

Km  mammalian  bum  probably  oula 

I  nr  daring  I  be  Qaatenua]  period. 


Bectio*  L— Tbrtiaio   Pebioo. 

Subdivisions. — We  have  already  Btated  that  i lit*  general  different 
characteristic  ol  tlii-;  period,  as  compared  with  the  next,  u  thai  all 
mammals,  and  mosl  <>r  the  invertebrates,  are  extinot;  bat  of  I 
a  percentage,  small  at  first  but  increasing  with  the  progress  of  ti 
■re  still  living,     li  i-  apon  this  percentage  of  living  shells  th 

Imaod    hi.-;   iliM-imi   of    the  Tertiary  period    into   three    epochs— S 
Lower,  Middle,  and  Upper  Tertiary,  or  Eocene,  Miocene,  and  I 


Tertiary  period. 


f  Pliocene  apod),  "f  I'pimt  Tertiary  =  60-»0  p*r  cent  llrtag  tbnl 
Miocene  epoch,  or  Middle  Tertiary  =  30  per  cent  llting  »helU 
Eoccno  ' ■Mii.-li,  or  U»ww  Tertiary  =  5-1"  percent  lirjn-  *b«2U 


These  perccntagi  diagram, 

B4&    in  these,  u  hi  t i , . -  strata  of  el]  periods,  however,  then  u 

oharaotaristio   tpeciee  by  whiob  the  spoob  may  bo   kn< 

unljor  of  spiric*  iiml  i:i  sin-  percentage  of  Ut« 

mammalian  ip  •  found,  these  are  espe*  iallj  charac* 

-"•li.       Again!    Altllollldl    T.  r;i:i    |    ni:inmi:ilii 

arc  all  extinot,  tin-  genera  and  familial  are  nol  aU,ta  thai  the  ih.-i 

appearauee  of  living  families  ami   |  bIm  'Try  cbaiacteriflti 

the  different  epochs. 

Rock-System — Area  in  the  United  States.— On  the  .\il«i<ti-  I- 
going  southward,  there  \<  do  Tertiary,  except  a  email  paioh  on  Uarl 

Vineyard,  off  the  coast  of  Mil    a  I    I    -Us,  until  u^  reach  .V  .  J 

i  "in  stria  point  southward  the  Tertiary  la  :i  broad  strl»,aboul  one 
ir..i  mil.-,  ui  the  coast,  and  shown  on  the  map  (p. 

lie  space  shawled  with  <-lili'|iu.' linvs  ruiiiiui-  to  the  right.     t1  oon- 
stitti  lOW-COUntrieS   of   the   Southern    Atlantic  At    its 

junction  irlth  the  metanxirphio  region  «>f  the  up-    i      lies,  then  are  in 

nearly  all  the  rivers  cascades  which  determine  the  head  of  navigation. 

Here,  therefore,  are  situated  many  Important  towns — c.  g..  Richmond, 

;ni:i.   Raleigh,  North  Carolina)  Columbia,  Booth  Carolina;  An* 

la,  Milledguville,  and  Macon,  Georgia,     This  has  been  called  the 

)  of  flat  lands  horders  also  the  Qnlf,  expat 

in  the  r-  ip]  i  River,  northward  to  the  month  "f  the 

Ohio,  ami  tin  innesaroond  the  western  border  of  theOolf.    in 

the  Oulf'border  region,  however*  the  Tertiarj  is  inoontaoi  iriifa 

netead  of  with  Urohawn,  n*  on  the  Atlantic  bordor. 

whole   Atlantic- bop  kr  ami   Ijtdf-bordor  '1-  of  OOUra 

nuritu  deposit 

In  the  inltrior,v\i  the  Plains  and  in  the  ft 

i  :  ./m/,  /■    ill  iliie     KOO 

me.  and  some  Pliocene,  ahicb  are  of  extreme  tab 

mg  rlie  I  ible  are  :    | 

r  basin,    •.'.  The  Uintah  basin.    Both  of  these  ar< 
nf  the   W'ahsatoh    M  i  mains,  and  separated   from   each  other  by  the 
l*inia)i  Mountains,  om  being  north  and  the  other  south  of  that  ran 
ly  were  possibly  once  united,  bnt  now  separated  by  erosion.    The 
■a  of  the  Green  River  basin  are  8,000  to  8,000  feet  thick. 
Among  the   Jfiat  l.  The  Wkitt 

ka.       ■.'.    '["lie./"/-,      '■ 

0  feel  thick,  but  is  largely  overlaid  by  the  groat  lava-flood 
the  Northwest.    3.  Patches  of  Miocene  scattered  about  i^ 
basin  region  »how  thuL  depositaof  this  age  i  one  extended  far  south 
sda  and  Eastern  California  (King). 
Qf  Pliocene  basins:  1.  Niobrara  (or  Loap-fork)  latin,  occupying 


CEN07.0IC   EIU-AGE   OF   MAMMALS. 


;v  the  earao  locality  as  the  Miocene  White  liivtr  lut-  mow 

est)  l  'lung  southward  in  patches  almost  bo  the  Gulf,  ami  north- 

ward into  British  America.     8.  In  Oregon  a\~-  ne  haain, 

ig  partly  the  same  region  as  the  previous  Miocene.     3. 
discovered   l.y  Cope  in  the  liasiu  of  the   EUo  Crande.     4.  According  tu 
King,  the  Oregon  ami  Nevada  lake-deposit  wag  in  Plioceue  times  greatly 
iMindcd,  gouti  lo  QOTat  the  whole  llasin  region,  hut  has  been  largely 
removed  by  erosion  or  covered  by  Quaternary  dep 

All  these  deposits  are  imperfectly  lithitied  wind  and  clays  in   I 
horizontal  po-iiion,  and  many  of  them  have  been  worn  by  erosive  agen- 
cies in  thr  most  remarkable  way,  sometimes  into  knobs  and  b 
l»>u»to.hilljj  on  a  largo  scale,  sometimes  into  castellated  and  pinnated 
forms,  whieh  resemble  ruined  cities.    These  are  the  u  Maucaiaea  Terres" 

or  "  Bad  Lands"  of  the  Wmi  (Kg;  B0). 


tf:~ 


Flo   »I3.     Mmiml-c"  TciTCf ,  l!i\d  I  jnilf  (nftcr  n  r 

On   thr.  Pacific  cawtt,  »  large  jMirtion  of  the  Coast  Rangei 
Southern  California  to  Washington  is  Tertiary,  as  are  also 
places  the  lowest  foot-hills  of  the  Sierras. 

Physical  Geography. — From  what  has  been  said  of  the  digtrfb 
of  the  rocks  of  this  age,  it  is  easy  to  reconstruct  in  a  general  waj 
pbjaJOal  geography  of  the  American  Continent  during  the  early 
tiary  period.     In  tin?  northern  part  the  Atlantic  shore-line  ma  p 
ulilv  foyond  the  present  line, for  there  is  no  Tertiary  deposit  »i 
thoro.    The  shore-line  of  that  time  crossed  tin 
New  Jersey,  then  passer  I  along  the  line  of  junction  of  the  Tail  I 
the  Mctamorphic,  its  waves  washing  primary  shores  all  alon: 

ic  coasts,  h«  i;  ■  in  !  In-  northern  portion  only;  then  al 
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the  junction  of  tho  same  with  the  Cretaceous.  The  whole  low-coun- 
Bootheni  Atlantic  States  and  the  whole  of  Florida  were  then 
•  soft-bottom.  Tho  Gulf  of  Mexico  was  far  more  extensive  than  now, 
and  especially  it  ami  ■  widu  bay  northward  to  the  moutli  of  tho  Ohio- 
The  Mississippi  Kiver  below  that  point  did  not  then  exist.  The  Ohio, 
Arkansas,  and  Bed  Bivem  MDptbd  by  separate  mouths  into  tho  enibay- 
lhrlit  nf  :!.<•  Wlllf. 

During  fha  course  of  the  Tertiary  the 
rai  gradual lv  trans  furred  eastward  along  tho  Atlantic,  and 
gonthward  along  the.  (itilf,  U  shown  by  the  dotted  lines  introduced  in 
ihr  'IViriiiry  areas  in  the  map  on  page  291. 

/he  inferior,  in  the  region  of  the  Plains,  the  Platean,  and  the 
Basin,  there  were  at  different  times  immense  free  h  -water  Uiktt.  The 
places  of  aomo  of  these  are  indicated  on  map,  Fig.  844,  in  dotted  out- 


Flo.  &M.— 1I»J>  of  TvrtitrjrTime*.  ih.iwin5  Oollito  of  Co»»t »nd  P1m<«  r.1  Pttnciptl  TtrtUr?  L4k<«. 

These  outlines,  however,  nro  not  intended  to  08  lOOOrata  These 
lakes  drained  wmc  i»f  iliem  into  the  Mississippi,  some  into  the  Colo- 
rado, and  bodiu  into  ill'-  Colnmbia  Ilivcr. 

Pa  \fie  -ht,,-. -line  at  that  time  was  along  the  foot-hills  of  tho 
.1  1  hi i nre,  and  therefore  the  whole  region  occupied  by  the  (  o.i-.t 
BftOgtt  and  the  Sacramento  and  San  Joaquin  Vail. •>■»,  and  also  pon 
of  Western  Oregon,  were  then  a  sea-bottom.  These  facts  are  roughly 
represented  on  map,  Fig.  844.  The  positions  of  the  principal  mount- 
ain-chains, e.  g.,  Sierra.  Wahsatch.  Uintah,  the   eastern  border  of  the 
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Rocky  Mountains,  and  Appalachian, are  repr 

to  locate  the  lakes.     It  will  be  d  wrvod  thai  the  ■  ■  la  Hsorfy 

W. 
Europe  is  now  remarkable   for   its  inland   axis.     It.  was  much  murr 

M  ay  great< 
ana,  are  nkaatod  on   Deitieiy  strata,  partiy  beeanaa  t  hose  strata  are 
illy  found  on  the  borders  of  cnnim-nts  mid  partly  because  I 
Eton  found  in  the  godim  of  gnat  rivera,  which  onoa  drained  lake- 
baeina. 

Character  of  the  Rocks. — Tim  rocks  of  this  period, 
lantu-  border  and  in  the  interior  Plains  and  Bo 
arc  mostly  in  j  [Unified;  bat  on  the  Pacific  ooait  thwj 

of  stoir.  casei  completely   nutaanrpklc 

Mii'-h  of  the  rock  in  the  Coast  Chain  ia  scarccl;  oishable  bon 

the  Bchisteof  the  Paiwozoic  or  still  older  periods.    The  raaaot 
dent — in  is  closely  counooted  with  moui 

mountain-making  contraaeo1  antil  the  Tertian  r 

Coal.     again,  in  the  Tertiary  rooks  ve  and  i-oul,  although 
1 1 v  iii  the  impwfecl  oondii  ion  eallod  lignite   We  have  i 
that  the  Rocky  Mountain  coal-fields  are  by  soma  referre 
We  hare  referred  these  bo  the  Laramie.     Bat  thai 
about   which  there  is  as  yet  no  contr<<  Buy  eoal 

Oregon,  is  probably  Miocene-Tertiary.    The  Nevada 

.   hi-  Lower  Miocene.    Again,  Mr.  Selwyn,  the  Geologii    A  I    iada 
has  reported  large  fields  of  coal   on    the  Qo'Appelle  an 
Saskatchewan  Siren,  covering  an  area  of  28  ailee,a  ; 

at  least,  nf  whioh  ha  refera  to  the  Tertiary.     Mnohofthis  coal 
ii    oems  moel  probable,  howoror,  tliat  this  also  bcl 

ui'-.-tiv  to  the  Laramie. 

In  Kim  |m  also  an  imperfect  eoal  (lignite)  is  found  in  the  Miocene 

nnaidarablo  ipuntity. 

Lava-fielda — The  great  Lira-fields  of  the  western  pert  of  the  con- 
it  belong  mostly  to  the  Tertiary:  (1.)  The  irreat  Lara-flood  of 
iii.'  Northwest  (already  spoken  of  on  p.  210),  which  covers  Northern 
California,  Northwestern  Nerada,  a  large  pan  of  Oregon,  Was 
and  Idaho,  and  extends  far  into  Montana  and  British  C..| 
is  one  of  the  largest  fields  in    the  world.     (2.)  The  hivn-ti.ld  of  tin- 

at  Range  of  California,  especially  in  Napa  and  Lake   I  .sal 

northwai  (3.)   Enormous  fields  in   the    Plateau   snd 

General  Remarks. — We  have  already  spoken  nf  the  great  and  rapid 
change  in  the  life-system  between  the  Cretaceous  and  the  Tertisn. 
even  where   the  two  series  of  rocks  are  continuous  und  confonnsbl*. 


Ilyt|  more  rapid  rate  of  evolution  at  that  v 
it  also  indii  >  10  cause  of  this  rapid  cvoliitiou,  a  »< 

of  species  brought  ;jIi>  mi  i  b  i  lit  physical  £  randalim 

and  the  imposition  oi  no  and  Bon  upon  .mother,  and  « li • 

:  ion  i.r.i.r  modification  of  one  by  the  other.    It  ill  to 

uf  these  sodden  changes  taking  place  otherwise.    Wo  tball 
spook  moro  fully  .if  thi.- mi)". riant  p 

The  general  character  of  the  life  ij  -<•  m  of  the  Tertiary,  i 
■aid,  whs  in  i In-  ninin  similar  t.n  i  li.'  present.    HesriyaU  the  genen  and 
j  of  the  species  of  plan  ta  and  invnrtebrato  animals,  wen  the  tome 
bow,  and  thi-  difference  in  aspei  I  would  bordlji  be  reoognised  by  tin 
popular  eye;  it  was  certainly  not  irri  in  now  i'Mms  between  dif- 

ferent  sonntrj  -.    itisonlj  ifarnmols  thai  the  difference  ra 

-•onspicnous. 

Plants. 

Among  plants,  nearly  aU  the  ewura  of  I»ii-myls,  hilms.uii.i  i  i 
wcr.  of  the  •an  /.  i  an  Bzfiinoti    Z»i 

9W,  bat  B  '  !  con- 

trary, the  vegetation  indicated  a  mm  b  wanni  r  olimate  thai  now 

in  the  same  localities.     For  example,  if  we  regard  the  Ugnltii 
EocemvTertiojy,  instead  of  L'<-  as  do  paleontologies!  botai 

lion  of  more  than  800  species  al  pianaj  found,  u  very  large 
proportioii  were  Palms,  and  many  of  them  oi 

■  tyls  many,  like  Magnolias,  indicated  a  warm  climate.     Lesquereux 

I  n.i.lar  to  that  r.f  F|,., 

Lower  Louisiana  bow.    Then'  has  been  a  southward  migration 
of  f. i  le  thai  nun-  Lhei     wi  i    Ifteen 

species  of  Palme  ia  ESuropo;  and  in  tha  Tyrol  tha  Bon, scaosdini 

i  EttinjrRhftuwn,  indicated  a  temperutt  oof  I  .mr..  and 

many  of  the  plants  an  Australian  in  type.     In  the  Pliocene,  on  the 
trary,  miiny  European  plants  were  like  those  in  America  al  the 
present  time. 

Daring  Ikt  Mioa     ,  Europe  in  such  as 

irl  :  and  thai  even  ;i»  fa 

dand,and  [oeland,and  Spitsbi  rgen.    It  hat  been  estimated  thai 
Hi  loons  Bon  :  an  of  Li   •■.  IB    higher 

n»w  exists  in   Middle  Europe.     In  America, daring  the  saraee]-< 

mas  almost  identics   with  the  Big  Tree  and  Redwood  of  Califor- 
nia; and  Lib  one  of  them  identical  with  the  /..  tfewmnj  of 
ifornia;  and  Magnolias  similar  to 'the  eC  grandson  of  tltu  South* 
Atlantic  stutes:  and    Taxodium   d  i   of  the 
swamps  of  Oorolina  and   Louisiana,  all  ■ 

•  •f  them  also  in  Northern   Europe,  and  loalond,  and  Spitsbeigan,  and 
innell  land  &l°north  latitude.    Eloer  estimates  the  tempentan 
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nf  Bnenlan  I  In  tin-  Mjooem  ae  30°  higher  than  now.    Evidently 
was  no  polar  ice-cap  at  that  time. 

It  i;-  lag  to  note  again  remnants  of  former  type*  of  fa 

tii i2i  now  almost  extinct.  Accordiug  to  lleer,  there  are  twenty-four 
extinct  species  of  BeqctaJM  known — tut  in  Cretaceous,  and  fourteen  in 
tin  Textiarj.  To  Quae  mini  now  be  added,  four  or  fire  specie*  from 
ill.'  Potomac  formation  (Fontiimi.  Only  two  remain,  and  these  onlj 
in  isolated  patches  in  California. 

•  a  facts  show  not  only  a  warm  but  a  uniform  climate,  ami 
ably  also  a  connection  in  liiijh  latitat  een  the  American  and 

.     A  similar  connection,  shown  also  by  the  vegeta- 
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Yio*.  A4.VWX— Amciwan  Tbbtury  Plant*  (After  8»lfowt  am!  lxw|ii#*eiiTi:  H*n   CfMaunanro 
3tlHlMlpplL-n»c.    BM.  Ounn-iu  rra»ii,«rrii.     SiT.  An.ir«.iii«l»  v.cHnfoli*'  *flln:«.     IHK  Uti- 
llthn  imitaUf I*.    WU.  T«gii»  frrtUKluw-Nut.    ma  Krnlt  or  NeqooU  UwhIc:; 
HS1.  Leaf  of  Sequoia  Lupdorfll  (AfUc  II««r).    8W    (Juerciw  Kaifonil. 

tion,  probably  existed  between  Alaska  and  the  Asiatic  Continent  at  that 
time.     The  accompanying  figures  represent  some  of  the  I  and 

Monocotyls  of  American  and  European  Tertiary. 


fa,  97.  Fin.  8» 

Fi*t.  SSMBfc— Plant*  or  Bmopt**  Tirturt:  »i.  Chuump*  Dvlvrtlca.    8K.  8*1*1  major. 

•Bl  PUUboikxtoIiV*:  n.  U*r;  li.  COM  of  tCluMrof  F»Ult»;  f.  SUit-lr  Frnit-    t«L  flnnanx* 

llntwtura:  a.  tail;  A.  flower;  c.  Stnl. 


~>  poljmiifpfiuni:  o,  Ijaf:  ft,  Flower.     fOT.  A-.-r  irilo.^.UIU. 
Kg.  Podogonluni  Kiiorrn.    «M».  Uunlilaintmr  EurniK-om,  from  iKnlnjrn:  u,  Leaf;  ft,  fruit  (after 

HBI ''. 

Another  conclusion  to  be  drawn  from  the  foregoing  facta  is  th: ' 
race  of  evolution,  Europe  aeetns  to  hare  dittanotd  DOMt  other  0 
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T  lb  Australian  Bora  i-  now  oolj  where  thf  European  flora  wax 
in  Eocene  timers  Bora  now  There  the  i  was 

in  ti..  PHocena    The  probable  reason  ii  that,  in  Europe,  in  those  Later 
geological  timet,*  changes  of  physical  geography  and 

irera  more  frequent^  ami  the  struggle  (or 
i  severe.     Loftntlii  ally,  probi :  .•■■  -ount  of  its  isola- 

tion, has  advanced  mora  dowlj  than  moat  other  eonntriee,    Many  rem- 
nana  of  extinct  Eaunasand  floras  exist  there  still. 

Still  another  conclusion  is,  that  the  florae  of  Barope,  Am 
v  1 1  - 1 1-- 1 1  i :i,  were  Ear  Um  tlifftnntiated  Cram  one  another  then  loan  i 

Diatoms. — If  the  highest  of  plants — Diootylsand  uonocotyh 

ahoi  ■  obablj  more  abondanl  than  now,  bo  also  wore  the  lowest 

r  of  uni-eelled  pluntd — the  Diatqm*.    In  ;ts,  consist ing 

wholly  nf  the  dlioeona  shells  of  these  microscopic  plants,  aro  found  i'i 

the  Tertiary.     In  Europe  the  Bohemian  deposit  is  celebrated.     It  El 
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in   extent.      Similar  d  ere   espeeiully  alitimiunt   in   California. 

aid  in  at  leasts  dosen  local  iti.  ■  where  •  ..ry  rocks 

rail,  as,  fur  example,  b1  San  Pablo,  in  Shasta  <  cwinty,  ami  ncnr 

..  the  lad  •  J ■  1 1. j-'m  being  fifty  foel  thiok 
Botnaof  the  more  remarkable  forms  of  Diatom  a  in  Fig. 

a  vii  w  under  the  microscope  of  tho  Biohmond  deposit. 

Deposits  Oi  'his  kiin!  arc  u.-ualh  called  infusorial  <art1is.     Tin; 
often  be  recognized, even  without  niiero.-vopie  examination,  l»y  ihcir  soft, 

.,  thrir  ,'.•■>.. /'^■,iY(7_»/ina.-M-,:i[,.i  ll).  ir.  lighinSM. 

Origin  of  Infusorial  Earths. — It  is  well  known  Chat   mud  run; 
of  diatom   shells  accumulates  ut  tin  osol  ponds,  and  lakes,  and 

mis.     In  the  deepest  parte  of  Lake  Tahoe,  when  se 
menu  do  not  reach,  tin*  nnze  i-  composed  wholly  of  infusorial  shells. 
It  has  been  shown,  also,  by  Dr.  Blake,*  that  the  deposits  from  hoi 

springs  of  California  anil   Nevada,  Svafl  where  Ihs  t«  injifnituiv  is  168° 

to  17  1.  abound  in  Diatoms  of  the  same  special  i  brand  in  I 

fornia  infusorial  earths.      It  is   probable,  therefore,  thai  many  of  these 
deposits  were  made  in  hot  springs  and  hot  lakes,  which,  judging  from 

uiiic  activiiy  of  Unit  time,  abounded  in  OaU  '■> ■  rnia,  I  hi fl  i 
far  more  than  now.  Or.  Blake  thinks  the  infusorial  earths  of  I 
lorniaan  In  the  hot-springs  of  Yellowstone  Park  deposits 

of  t'  forming  over  many  square  miles  and  arc  five  or 

six  feet  thiol  (pago  161). 

As  already  stated,  amonj;  I iivcrLebrutes  thcro  was  agencnil  similarity 
to  the  present  fauna.  Nearly  all  the  genera  and  many  of  tho  species, 
wen  ll  with  those  still  living.     The  relation  between  the  various 

emu lin-ii  prevail 

com  !ii  • 
The   present 
SIS   of   adjustment 

r,  Hra.'lu- 
upods   ami    Crinoids 

ill   gone,  rw.Sn.-XanumillMtevlgaU. 

•■terms      woro 
ly  all  free,  and  Bivalve*  were  nearly  nil  Lam  IlibnUBOha.     Then,  as 
now,  naked  Cephalopods  and  short-tailed  Crustaceans 
riatcd.     A  glance  at  the  following  figuros  of  Tertiary  shells  ( Figs.  862- 
will  show  the  general  resemblance  to  those  of  tin-  seas. 

In  regard  to  the  Invei  there  are  only  three  or  but  jivintsof 

sufficient  importanoo  to  arrest  our  attention  in  a  rapid 


v.*b?>; 


514 


CKSOZOIC   ERA— AGE   OF   MAJJMaLS. 


Among  ,  common  forms  of  tho  present  day,  ■ 

oyster,  tiir  i  bun  (  i  mm),  the  scallop-shell  ( ■" 
numerous,  and  soma  of  nrj  I  urge  sue.    Oysters  especially  seem  • 
h:iv«  mit-hed  their  maximum  derelopmenl  m  i  lir  Tertiary.    Ti 

y63)  na  ten  Inches  long  and  fefau 

i-  nf  equal  nse,  bul  shorter  and  broader.    A  gn 
1  ahfornia  nnd  Oregon  i  o 
mensaroment  is  thirteen  inches  1"  is  thick  (1 

870),  and  a  mecimanof  P  if  California,  ninv  : t_ ■  :,.•■ 

across  ( i'i  ■    871).     Among  univalves  also  nearly  all  the  forms  ar* 
familinr.    The  illustrations  an  taken  Eromtbe  Eocene  and  Miocene. 
The  Pliocene  ihelli  are  slmosj)  andiatingniahahle  from  living  shells, 
]ii  by  the  praoticed  eye.    It  seems  lueled  to  gin  them  inaneb- 
iry  irork. 
IasectS. — Th<  -evcral  ii  >nncctod  with  this 

ohm  which  mnsl  nol  be  omitted.    Wq  have  nsuallj  roond  Insects  slnm- 
in  connection  wits  luxuriant  fegetsdon.     During  the  Miocene, 
phenogamoni  rogetetion  was  even  more  abundant  than  bow;  than  *«* 
also  r.'xtrvTiH'  rullm.-*?  of  insect-life.    All  ordors, 
Lepidopten  (butterflies — Fig,  878)  and  Qymenoptera  (bees,  ant*.  He 

— Fig.  S77),  were  npn 


Km   W?.— m«wr«  o»  Ki-noiiA*  Mioc«r««  (»ft*r  \l,,,    .,   ipli  AdamJlka;  h 
mall,  V  female;  c,  Vivpn  atavma:  rt,  <l.  Amnmpliiln  infrnin:  r.  Imtioflla  pall  il 
n;li  u  Hgnll  mule,  and  worker:  ij.  M.vnnlrn  l.Tllnna:  A,  Ichiwan 

Xllucupa  pculli>;  i.  Dvuibaa  Jurincl;  I,  Scaka  MUHiinau. 


In  tin-  \I one  of  Eiirii]»\  l.."»50  species  of  insects  have  been  • 

and  'if  these  more  than  !)0<l  siioi-ics  :it  <Ening<:n  in  a  stratum  onlj  *&• 
(bat  thi.k  i  IaiII).  In  places  the  stratum  is  black  with  tho  remain*  of 
insect*.     The  same  stratum  is  also  full  of  leaves  of  IHmlyte,  of  wlii-Ii 
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Kia.  S"!*.— Yiinc 


i  Halo. 


Ileer  bae  described  500  ept-eies.  Mammalian  remain*  and  fishes  are 
also  found  in  them. 

It  is  interesting  to  inquire  into  the  conditions  nnd<  than 

:i  were  formed  Rod  filled  with  tl  On  Lake  Superior, 

ar  Eagle  Harbor,  in  'in 
&u  turner  of  1M  I,  we 
white  sands  of 
the  beach  blackened 
with  the  bodi  J  b> 
•eetts  of  many  rpedea, 
I]  I  ••'(•ties  cast 
ashore.  mi      me* 

cieswere!  acted 

in  a  fow  days,  by  Dr.     I. 
.1.  L.  Lei  onto,  aaoonld 

have  been  collected  in 
as  many  month*  in  any  other  place.  The  insects  seem  to  havo  flown 
over  tin-  surface  of  tlio  lake;  to  haw  heen  beaten  doWD  bj  windfl  and 
drowned,  and  then  slowly  carried  shoreward  and  amrnmnlated  in  thil 
harbor,  and  finally  cast  ashore  by  winds  and  waves.  DonbtieSB,  at 
t,  in  Miocene  times,  there  wan  an  est)  naive  lake  surrounded  by 
tea  forests;  and  the  insects  drowned  in  its  Maters,  and  tho  loaves 
strewed  bj  winds  oo  its  surface,  wi  ra  oaal  lahore  hv  its  waves.    Hear 

vee  also    that  carbonic-acid  ©mission       Biped  to  d.-stroy,  and  do- 
ts of  carbonate  of  lime  to  preserve,  the  insects.     Ovor  fivo  hundred 
of  the  (Eoingen  insects  ware  beetles. 

•ogthe  insects  found  at  (Bningen,  Swit/.n-iand.  and  Radoboj. 
Croatia,  are  &  gr©!  (Fig  In  all  Borope  there  are 

now  about  (if  E£eer  found  in  the  Ifioosns  of  (B 

gen  and  Itadohoj  more  fhan  LOO  ipecies.9  And,  what  is  toy  remark- 
able, Dearly  all  are  wingtd  ants.  Ants  of  the  present  day  ate  male, 
female,  and  neuter.     The  males  are  w  ingsd  thronghont  life,  and  never 

in  the  nesta,  bur  sunn  perish.  The  females  are  also  winged  until 
they  arc  fertili/'.i-il ;  then  they  drop  their  wings  and  live  in  communi- 
ties in  a  wingless  condition  ever  afterward.  The.  neuters  are  always 
wingless,  and  therefore  always  five  in  oasts  or  ineommo  it  in 

probable  that  ants  at  first  were  only  winged  males  aial  females,  living 
in  the  upon  air  like  other  insects.  The  wingless  condition  and  the  neu- 
tral condition  an-  both  oonneoted  with  thoir  peculiar  BOOtsl  habits  Bttd 
instincts,  and  have  been  gradually  developed  along  with  the  develop* 
habits  ami  instincts.  It  ia  probable  that  all  these  ramark- 
ablo  peculiarities,  vis.,  the  windless  condition,  the  neutral  condition,  the 
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wonderful  instinct*,  and  organized  social  habit*,  I um  ;>ped 

together ■■""'  "''■  intfoda  ry. 

In  the  frwaii  water  Miocene  of  Aim  a  rwniark- 

able  stratum  uaUed  indiuial  Boiatfoiig,  hecaPBe  it  is  largely  aompoKd 

of  the  cii8t-of?  hollow  cases  (indusiu)  of  tin-  eadche-wtinn  "i  bn 
caddU-fly  (PhrygaiWBh  cemented  togetl,  rbonate  of  lii 

number  of  those  cases  is  countless.    The  caddieoronn  «>f  Qm  pm 

lurm.s  f«.r  itself  ;i  hollow  cylindrical  cause,  of  bits  of  stick  or  j 
of  shell,  or  *■  of  whole  small  shells,  binding  U)*M  togi 

in' an-,  "f  a  kind  nf  ivi-li.     in  this  bollpW  cylinder  it  lives,  only  patting 
■  mi   bb«   bead   and   two  <.r  three  first  joints  of  tlic  body,  to  whirl. 

feet  arc  attached,  in  walking.    When  they  complete  thi 

their  coses. 

881  i»  a  : 

dis-*  'i    fa 

case  of  *  111  all 

stuck 

?*80  arc 
.;    lho  Mi  ■..v.,,' 

oaddia-wnrni . 
limestone  in  place, 

In  Auverg- 

MiolTMIC 

then 

low  lake,  in  whi.li 

inate  of   lime 

was  depositing,  a* 

in    nunv    hike*  of 
the  preset 

■ 
iuds 

08,  and 
Endmria  aeeunrala* 

ted    for    coiiude* 

generatae 

In  the  Tertiary 

strata,  about  the  shores  of  the  Baltic,  and  also  in  Si,ih.  tn  Ada  Minor. 
mi. I  several  oilier  localities  usually  associated  with  lignite,  arc  fa 
masses  of  amber.     This  substance  ia  a  fossil  resin  of  several  species  of 
Conifer,  especially  Pmites  suceinifer.    It  is  ofi  transparent, 


L/  I 


* 


// 


1 


Fiu.«*. 


^U;: 


ttm,  tn 


Flo.  WL 


Fiou.  SJ»  t*l .—«?».   tnd\wl»l  LtmcMOM  Intentn  1   rn»h- 

Walcr  M»rl«      kmi.   A  Prarllnn  (n»l.  Miry. 

gnncaCaw*.    ESI    ReocM  Urr«  of *  ri,r.smi.-»,  »mli  It* Cmc 
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Flo.  MB.— Prwlrym  I'l-nM-phnnc  (»fler  Scaddcil. 


and  inclosed  within  may  bo  seen  perfectly  preserved  insoeis!  of  many 
kind*.    Over  800  species  oi  meeote,  and  fragments  of  many  j.pedea 

of  plants    Lavo    bwu  ^^^ 

found  thus  inclosed. 
The  degree  of  | 
aervatioti  \i  ma: 
cms;  crcn  the  most 
delicate  parts,  the 
slender  le^.*,  flw 
jointed  antenna?,  and 
the  gaoxj   winys  are 

jwrfrri       Tb 

in  which  these  insects 
vror.  led,    in- 

closed, und  pratorred] 
may  be  easily  observed 
oven  at  the  present 
day.     The  gum  isau- 

from  Conifers  is  at  first  in  the  form  of  semi-liquid,  tmiispjin ut. 
tears.  Flies,  gnats,  etc.,  alighting  on  these,  stick  fast,  and  by  the  run- 
ning down  of  further  exudation*  are  enveloped  and  preserved  forever. 
The  legs,  both  in  the  modern  and  the  fossil  resin,  um  often  found 
broken  by  the  stnigglesof  the  insects  to  extricate  themselves.  The  in- 
sects of  the  Tertiary,  like  the  plants,  show  a  decided  bWpioa]  character. 

But  prdfwhly  tin-  rii.hi-.-t  beds  in  insect1*  yet  found  are  at  ! 
Colorado.     Here  fresh-water  shales  of  Green  Hirer  age  are  Muck  with 

remains  of  insects  of  oil  orders  now  existing. 
According  to  Seudrlor,*  about  1,000  specie* 
are  recognizable,  many  plants,  sev- 

en! fishes,  and  a  bird  with  feathers  pre- 
served. Of  30,000  specimens  of  inserts  in 
all  mnsenms,  about  one  half  are  from  this 
lucidity.  1 1  ere,  also,  as  in  Europe,  Hymen- 
opters  and  Colccpters  are  most  abundant, 
and  nil  the  species  indicate  tropical  climate. 
Among  the  insects  found  hero  are  Heven 
species  of  butterflies  (only  nine  species  are 
known  frnm  all  the  rest  of  the  world).     A  beautifully  preserved  ■peaS> 

ii  is  shown  in  Fig.  99%.     At  Florissant,  in  Eocene  times,  there  was 

a  lake,  and  insects  were  east  ashore  and  accumulated  in  the  manner 
already  described.  Other  Tertiary  lake-deposits  in  the  West  are  also 
rich  in  insects  (Kig.  883). 


F»o.  WW.— Kurkenl*  nrrmtn.  from 
TcttUrjr  of  1,'Uh  ikflar  Mmldin. 
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Fishes. — Tli  In  tween  the  three  great  orders  of 

iiaa — Tetania,  Qanoida,  mid  Plaooide— was  first  fairly  establish] 

tin-  Tertiary.    Teleoste  were  first  Introduced  in  tin-  Grot* 
■it  only  in  the  Tertaaij  Aid   Ihej  '" 
uidnnt,    CianniM-,  on  the 
mimln-r;  thoy  sunk  into  their  jin'SL-tit  subordinate  pod 

Aiin.iiL.'  I'lacni'ls,  t lie  IIytni<lonts  are  gone,  the  (' 

i.nt  the  Sqnalodonto  rcaeii 


Tm.OH. 


ft*  MB. 


JB 


no.  hi 


rw. as. 


■ , •  •■■ 

a 


Fro.  9*. 

Kic«.  WM-RSS.—  TrerrAnr  Piimi— liafMilt:  »t  I.«mn»  olf>enn«  f»ft*T  Anwali).    M 

prliuli;viilu*  i<(t«r  Ai;i*»la).     88*.  C»rcH«r-  - 1  .mi    m   n:  i    1.  u      .if  i.  i   UibOMX     AST.  ' 
nii'Kulodoii,  «  }  nfli'j  lill>lx»j.     TtUatl;  WM.  Papw  aim  mrur  MM]  i. 

maximum  development,  both  in  number  and  size.     In  the  marine  T> ■•• 

v  of  the  Atlantic  border,  both  Kocene  and  Miocene,  sharks'  I 
arc  found  in  immense  numbers,  uud  of  very  great  sire.      Some  of  the 
triangular  teeth  of  the  Carcharotlon  i»<y.ii<»hni  (Fig.  887)  are  found 
six  and  a  half  inches  long  mid  six  inches  broad  at  the  base.    The  own* 
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era  of  such  teeth  must  hire  l d  Bfty  to  eevcaity  feel  long,    Borneo! 

Tin-  ■  f.-rma  of  shark*'  tooth  of  the  American 


,-'£' 


K, 


Kin   R« 


f/L 


ii..  EM 

,WX— TCRTMRr  Ki«hm  —  Tti*o*t$:  i«l     Shot  II'.  L"W* E«r».     *».  LfblM 

V 

and  Toleosts  from  American  and   BuKipeaU   Tertiary,  an  given  in  the 
preceding  figures. 

Reptiles.— The  ago  of  Bepl  it    IhahtigoEtaalJe'tuixavDino- 

fiOOn,  Mosaaaurs,  and  PteroRaurn,  are  all   extinct     Their  clem   Is  now 
repreaented  by  Crocodiles,  [/bauds.  Tartlet  Bnaki  -.  ami  KrogS)  though 

r  place  as  rulers  in  mpplied   hy  Miiiniiml.*  and   llirdn.      Plw  ip 
of  8nakes,80me  "f  then   eight   ftol  tODff1  and   nine  <*riM-.Kli!i!iii>.  huvn 

been  found  in  the  Bocetu  of  Wyoming,,  and  awera]  also  in  Bnropa. 

In  tfu    MbCttlM   Of   Europe  at  <Knin»en,  u  Salumnndnml   Amphibian 
was  found  and  deacril>>  IS  by  BohMchsar,  a  physician  tod  natu- 

ralist, professor   in   the  University  of  Altorf.    He  gave  it  the  title 
"  Borne  I  i  ig  it  to  be  the  skeleton  of  a  human  lx-ing 
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destroyed  by  the  deluge.     The  length  was  about  four  fat      It  was  rs- 

■M-  Cuvirl-  !:/    rhr.W    I.llllt     ill.'    tOStl]    WOS  UOt    hlltlUlll,  tllOUgl 

name  Andruu   Schtuehteri  (Fig.  891)  had  become  pcrmanentij 
tanned  to  it  througli  Schuucoaet'i  miatefa 

living  Bpaedes  of  the  name  genus  is  now  foi. 
Japan,  ami   is  of  gigantic  size.    A  represen" 
of  it  is  given  in  Pig.  B1  ;th  ila 

(■"■>-- 1 1  pivcursor.      The  Mi...... -no  of  the  Himalaya* 

furnishes  a  gigatu 

the  carapace  of  which  was  twelve  |  :  and 

eight  feet  wide,  and  seven  feet  high  m  the  roof, 
and  thfl  whole   animal  was  probably  twenty  tM 

long.     Over  itxtV  sjv  , 

'IVii. 

ecu   or    twenty  species  of 

Crocodiles,    have    been 
I   from   foreign 

rVMRb  '■*£#£  (Dunn). 

i  eodilian- 

hignest  living  order  of  rep 
tiles,  first  appeared  it 
Triassie,  but  • 
Blind  forms — Sfaffonok 
Bdodon,  etc.— which  i ' 
ly  connected  them  with  the 
Lizard*.     Froo 
form    lln\l<y    baa    t: 
with  consummate  skill  tin- 
gradual    differentiation    of 
tin.-  order,  in  tin    p 

of  the  posterior  nares.  the  -(rm  litre  of  the  head  and  the  form  oj 
vertebral  bodies,  step  by  step  through  the  Jurassic,  Cretacoone,  to 
Tertiary,  where  the  type  reached  its  perfection. 

Birds.— Tin-  class  of  Kirds  in  the  Cretaceous  eras  represented  only 
by  the  reptilian  birds  and  ordinary  water  birds.     Now,  in  the  Terti 
however,  the  reptilian  birds — vertebrated-tailcd  aud  socket- toothed— 
have  disappeared.     The bird*oIaas  Is  fairly  differentiated  from  the 
tilian  class,  and  the  conn.-riinu  links  destroyed.    Birds  of  all  kinds  BO* 
appear — land-birds  as  well  as  water-birds.     In  America,  among   I 
liir.lij,  woodpeckers,  owls,  eagles,  etc.,  havo  been  discovered  nnn 

bed  bj  Marsli.     The  number  of  speeiss  found  in  Europe 
greater  than  in  America.     The  Miocene  beds  Of  Central  France  alnne 
have,  according  to  Milne-Edwards,  afforded  seventy  species.    The  IDo- 
eone  birds,  like  the  plant*  and  intee/tt,  show  a  decided  tropical  charae- 
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1"10«.  KM.  KM  —  891.    Aililrios    Hchcuchn-rl.    MlOO 

S«  I.--.I I   ■  ,'„    ...ll.r   llrvra.    8W.  Andrin*  Jn|ionic 

•,  n  living  Salamander  fnjiii  Japau,  »  ft  latter  li 
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ter.     ■  Parnu  rogom  inhabited  the  woods;  Swallows  built,  in 

the  fissures  of  tin-  rod  :n  nil  probability  like  those  now  found 

iu  certain  parte  ol  &  the  Indian  Arohipel  buy-bird, 

nearly  allied  Co  that  of  the  Gape  of  Qood  Qope,soiighl  in  i 
serpents  sad  reptiles  which  ;it  Quit  time, 

I    |    il.-    ii. mi  U  Ii 

I  age  V  ljutani    On 

Pakeolodi  (birds  oi  oorioiu  tonne 

rau  ii-  between  Flamingoce  and  or- 

i,  end  Hii-.'-.  Ereqaentsjd 

^  the  water  whore  insect-larrse 

and  moll  usks  abounded     Pelicans  floated 

on  the  lakes  |  a  nd,  lastly.  Sand-grouse  and 

te  Gallinaceous  birds  assisted  in 

giring  to  this  ornithologioal  population  a 

Dge     physiognomy   which     rirulls     to 

the  descriptions  giten  by  Living- 
stone "f  oertain  lake-  in  Southern  Af- 
rica." 

But  although  the  close  of  birds  was 
ly  well  differentiated,  yet  some  mu- 
te of  generalised  forme  still  remaiaed. 

A  toothed-bird  has  bean    found    in  the 

London  day  (Sooene),  and  named  by 

0</e)ifnp/rri/.r  ( I-'ig.  6H).      Bui 

is  not  a  true  tocket-ttk  i  I.     The 

so-called  teeth,  however,  ore  only  denta- 
tion? of  tin-  bony  edge  of  the  bill.  In  the  Eocene  of  the  Paris  basin 
was  found  a  gigantic  bird  (Qastornu)  ten  feet  in  height,  combining 
the  characters,  of  a  wader  with  theft  <•'  MB  Oatrioh  (Fig.  S'Xi). 


Fie 


Eli  -fcirnin 

Eairarii.ii  ,«f:. 
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Fio.  891 — Sknll  of  Odontopt<»ry*  lolla.picn».  rwrnr*)  ikfirr  rnrrav 

In  18"'i  Oops  published  the  d  -       i>  of  a  gigantic  bird  from  the 
lowt  ne  of  the   Sun  Juan   basin.     The  I'i/i/ri/mn  (jir/aulea,  ac- 

cording to  Cope,  combines  the   characters  of  the  Carsores  (ostrich 
family)  with  those  oi  the  extinct  GustornLi  of  the  Farbi  basin.     Judg- 
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tag  from  its  foot,  it  was  donl.le  the  bus  of  MO  ostrich.    This  is  the  first 
example  of  •_•  x ( 1 1 1 1 •  t  OnmOMB  found  in  N«irth    '.  ..•■!. 

Mammals— General  Romarbs.— l.  Wo  have  al  e  «*- 

luiion  of  iliis  class  nosy  be  traced  back  to  the  bordi  n  of  the  Peteosoia 

The  probable  steps  arn  :  I.  The  llyjmtheria,  repn 

n  the  /V»J  "1'iri'  :.  I  bj  hypo- 

I    :.     .      .  M  of  tlio  7 

.TuniKsie  and  Cn-iui ■•■<>u- :  and,  finally,  the  BtUhm  fa,  Mr  typical  placental) 

of  the  Tertiary    •-'.  Bat  nothing  ie  mow 

ties*  of  the  appearance  of  tl> i**  litl  ten  indonlj 

Bfeeonxk  types  even  to  the  bowlers  of  tha  Tertiary  (Laramie), and  then 

without  warning  there  appears  the  higher  t;  Iheria,  of  tha  Ter> 

n.irv.     This  might  bo  cxpluined  in  Kur..pi.  wIhto  tfa 
iiy  at  this  horizon,  l>y  the  pap  in  the  record  ;  hut  here  in  Am   i   il 
record  seams  almost  complete,  and  jrel  a1  the  n  a  great 

change  ooonrs.    It  is  Impossible  to  explain  this  onlesa  we  admii  una 
of  rapid  twlvtion,    Bot  even  •  at    We  must  suppose, 

■Jan,  tliat  these  new  types  appeared  hew  Ln  America  />//  migratua 
about  the  end  of  the  Cretaceous  from  somi   other  ■■-nntry,  where  wo 
1. 1«  fiivl  the  intermediate  links,    3.  Thou*  ap 

only  sodden  but  in;/.  i/«w  and  considerab]         In  tha 

ver j  lows  4  the  Lower  Tertiary  (Poerco  beds)*  ope  finds  nil 

three  spades,  and  already  all  (lie  main  divii  ores, 

Herbivores, InseotiTores, and  [Primates.    4.  But,  althougb  ;i> 
divisions  en  distinguishable,  they  are  not  yet  m  ssws 

now   know  tlicni.       At.   that   thin'   then:   were   "<»   (j|  riiivor**, 

Herbivores,  etc. ;  on  the  contrary,  they  won;- all  rd  typr* 

— i.  s>,  they  approached  each  other  rerj  closoly,  as  shown  in  the  diagram 
(Fig.  695).    A*  time  want  on,  not  only  were  they  s.-pur.ited  m 

more  by  w  modification,  but 

also  divided  into  tabordinate  bn 

ram).      In  order 

to  indicate  tha  fa  I  i    irden 

n  •  ■  re 

had  been   proposed  to  call 

Carnivores,    pro-Herbivoras,    / 

miae,  el  ■. — i  a   progenitors  of  these 

now  widely  distinct    orders. 

wi-ri)   iill    probiilil;  ,/    Plnnh- 

RfriMAL   euthrium  grade*,     willi      ( u  lit  mi  In  li  if      molnrn 

Flo.  t«ft.-ni«ffr»m  .lioirtn*  Diffctw.ll.iHon    (BunOdonl  I  .  ,• /i  I  rv/TW». 

at  Main  uidvn  uf  'IYriHrj  Mamnuli).  ., 

ny    tracing    tlie    dtverg.  >  of 

tho  diagram  downward,  they  meet  in  the   Cretao  i  a  hypothet- 

ical ancestor,  which  was  probably  an  Inaectivore.    6.  In  the 
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.if     tin.-     'I' i  rtiary    tin-    mMTffnaliftW     famm     >hn>ig«     com/' 

The  Tertiary  mammals  are  of  so  grout  interest,  from  die  efolatioo 
point  of  view,  that  we  must  dwell  upon  tin  m  somewhat  iir  detail.      But 


i 


.   XJC  -  Tnpiru»  lndlcu*- 

it  seems  impossible  to  pr<  leciioufl  from   the   immense  mass  of 

material  at  hand  in  an  interesting  manner,  except  by  taking  a  few  clas- 
sse.  localities  from  different  epochs  and   different  countries,  mid   brielly 

describing  what  has  b-eu  found  in  each.     Wu  will  oommence  with 
somo  foreign  localities,  beeiuise  these  wen-  first  disi-ovcreil  : 

1.  Eocene  Basin  of  Paris.— This  baits  has  been  made  a  l-brated  by 

the  labors  of  the  immortal  ('nvi.-r.     The  diseovery  in  the  early  portion 

of  the  presenl  ■  of  the  rich  treasures  Imbedded  in  the  strata  of 


F».  SOT.— P»l*olhenam  magnam,  *  A  (»fter  Gaado)- 

this  basin,  and  the  consummato  skill  with  which  they  were  worked  up 
by  Cuvier,  gave  an  incredible  impulse  to  neology.  Fifty  specks  of 
mammals,  of  which  forty  species  were  tapir-like  -,  ten  species  of  birds, 
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among  wliii -li  one,  the  Giutornia  (Fig.  893),  was  a  hug©  wader  as  large 
as  an  ostrich;  b  :<tilv:s  Babea,  and  d  abuudii 

dlflOOTHWd.     iii  I  •  ••■'■no  Limes  the  I'arts  basin  seems  to  havo  been  an 
estuary  full  ml  shells  and  fishes,  etc.,  into  which  the  bodies  of  birds  hiui 
mammals  were  drifted.    Among  the  many  remarkable  mammals  v, 
•t  two  as  types,  viz.,  the  I'altootht-re  and  the 

Thi>  Palawthere,  like  the  Rhinoceros  and  iikt- 
representatives  of  the  horso  family,  bad  three  boo!  an  all  the 

Unn  i    eed  to  have  bad  also  the  general  form  and  1m 

at  flexible  moat  of  a  tapir  (Fig.  896),*  and  II 
Caviar  eoppoaed  it  baa  ita  nearest  alliance,aud  hii  real  iwed 

on  this  view.    But  the  dhnorezj  of  mora  ooaqdete  skeletons  shuns  that 


Flo  *»—  Anoi>lolherliiffl  comtnuno.  nttond. 

tlie  neck  and  limb*  a»era  mni  h  longer  than  had  been  supposed.  In 
general  form  (Fig.  85>?)  it  seems  to  have  been  a*  much  like  the  horse 
family  as  the  tapirs. 

The  Anoplothero  was  a  slender  and  graceful  animal  without  snoot, 
and  possessing  only  two  toes,  like  ruminants.  Most  of  its  characters, 
however,  allied  it  to  tho  tapirs.  Among  these  characters  was  the  pos- 
session of  a  (kird  nuhmontal  or  non-functional  toe  (C«pe)  and  a  full 
Bet  of  front  i nil.  It  was,  therefore,  a  remarkable  connecting  link 
between  the  tapir*  and  ruminant*. 

2.  Slwalik  Hills,  India— Miocene.— Near  the  base  of  the  Himalayas 

occurs  a  range  of  hills  which  nre  c i posed  'if  fresh-water  uppermost 

Mioccju  strata.    They  are  extremelj  rioli  In  vertebrate  .-11111  eapaohdrj 

in  mammalian  remains,  which  havo  bean  thoroughly  studied  by  Fal- 
conar.    1  mr  species  of  mammals  are  deecribi.d  from  this  locality. 

They  arc  of  great  variety  of  forms,  both  Carnivnru  und  Herbivore,  hot 
the  latter  are  most  abundant  Among  these,  perhaps  the  two  most 
romnrkable  are  Dinothtriwn  f  and  Sivati 

•  The  Uplr  ha«  three  toe*  on  the  hind-foot,  anil  four  on  Uw  foro-foot,  but  the  oaier 
oqc  I*  smalt  and  not  functional, 

t  Tho  Dlnotiirru  is  found  In  the  Miocene  of  India,  though  not  at  Slwalik. 
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Tim  Dinolhtit  h  ■  ■  u  ml  also  in  the  Fhiropean  Miocene.     It 

was  a  huge  animal,  probably  the  largest  of  all  land  mammals  (Gaudry), 
with  a  skull  (ferae  bet  lung,  to  which  was 
attached  a  proband.-.     The   lower  jaw  was 
bent  downward,  and  carried  two  long,  tusk- 
like teeth,  projecting  also  downward.    Tin 
who!  i  (if  tin'  head,  from  the  poind 

of  these  lower  teeth  to  the  top  of  the  era- 
Ire  fort. 

I:     .niU'u  perfect  pelvis  has  been  found. 
showing    the    great    KUMSfreneas    of   these 

bones,  ami  *i>  >wing  alao,  in  these  huge  ani- 
mals, the  existence  of  martvpial  tons*.* 
This  strange aniinal  combined,  in  the  itmi  t- 

nre  of  it*  head,  the  chunteterrt  of  Klenh. 

...      .  ...  '  jluuiitpuiu.  crently  rodnoad. 

>»potamii)i.  Injur,  and  Dngong;  but-  it 
also  bad  affinities  vith   m  It  was  th>  andprobi 

the  Uiry  in*, 

(there  waa*j  of  elephantine  sto  and 

te  ulephantiue  characters.     The  four-horned  antelope  of  the  pn 


Fio.  MO. -Head  of  a  Hivithertam  glgmtetim,  grv«tlj  rfdowd. 

lay  lives  in  the  same  locidity,  but  is  a  comparatively  small  animal,  with 
two  short  conical  horns  from  the  front  part  of  the  frontal  bone,  and  two 


1  American  Jouro»l  of  Sdenw,  Scries  II,  *ot.  mriii,  p.  <2*. 
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somewhat  longer  ones  in  the  usual  |  il..-  hack  part  of  the  moo 

bona.    Mm  Sfoa/fors,  <m  Qm  i»t l ii  i  ".n-  nf  clephantim 

if  denderar  form,  with  biro  short  ■  onii  al  hams  in  front,  ami  t»n 
large,  jMiliiiui-'lv  branching  ones  behind.    Tin- form  of  tin    n< 
nggnta  the  sxutenca  of  a  snoot    TTw  fort  and  legs  were  clearly  tl 

niminant.    I:  seems  t>>  ban  combined  thee  r<  "f  a  Rumi- 

ii.nif    ami   a    Pachyderm.     TitO   Hramnlhcrr  wiw  it  similar  anim. 
miihI  in  strata  of  the  same  age. 
locality  were  found  also  three  'f  >rastoiluiii, 


:/: 


I 


FlO.  001  — Eli-plias  Cftnrei.  x  A  f»ft«  F«lcoo«). 


seven  species  of  Elephants,  ■uu:  of  thi  D  '*,  rvmarkaoli-  fr-r  On 

prodigious  length  and  size  of  its  tusks ;  three  species  of  the  Hone  faoi- 


Fie-  (IOC.— Skeleton  of  llippunon  gncilc,  rdoreU  (after  Oiinlrj). 

ilv  ;  five  species  of  Rhinoceros ;  four  to  seven  species  of  Hippopot 

and  three  species  of  hog;  also,  Anoplotlieres,  Camels,  C 
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In  the  Miocono  and  Pliocene  of  Europe  are  first  found  remains  ad 
moat  deatmetivs  of  carnivores,  the  [»r — .1/^ 

i ).    In  tin'  ftfiooene  of  Borope,  :ilso,  the  flnt  frm  Jfonil 
•  in<  *  -i  (Flower).     Before  this,  thoro  wen 
urs  or  I'r 

Perhaps  it  is  trail  to  t.-:ill  attention  to  the  bo 
t;ipir-lik'    Paohyderma  predominate  in  huge  forma, 

I    Bippopotamss    family,   and    Proboactdiaoi, 
wen  first  iutrndu i  an-1  ii ii mediately  beoeme  abundani  in 

American  Localities,— 3.  Marine  Eocene  of  Alauatu 
this  u  iin  example  of  American  mariiu  Bo  one.    At  Ctaidorw, 

h:im;i,  aOCOrding  '!»  Lyell,  there  occur  no 

licsiii.'.i  nmny  Ivhinodtmu^ and  abundance  of  sharla  Hut  the 

nrkable  ronaaini  band  there  are  those  of  aa  i 

si — so  callcfl  from  the  roke-Uke  form  of  the  doable- 
fonged  molar  teeth,  which  were  six  inches  in  1  i 
(Fig,  906).    The  skull  was  long  and  pointed  t 
806),  and  scl   with  the  doul.l,'-i':iir_'i  A 
•m:I  conical  onea  in  front     The  vertebrae,  which  an 
in  bik'Ii  aborn  nu  rfng 

foncoe  and  even  borne  rid  the  :  - 

:!'in.  are, some  of  them,  eighteen  in 
twelve  inohea  in  diameter  (Dana),  and  the  vertebral 
oolomn  baa  bean  found  in  place  nearlj 
long  i .  Lvoll).     The  enbna  ten  more 

than  .  feet  long,  and  the  rei  il  at  least 

,  iiidividnalshflve  been  bond  (Lyell).   Th 
found  En  soothi  is  well  as  in  Ala- 

bama, and  probably  their  range  wa 
animal  ia  pecnliorly  [ntereating  as  the  first,  apjicaranoe  of  0m 
very  distinct  order  Cbtacta,     No  intermediate  link*  have  j 
found  connecting  this  with  other  on  .!-,  irwi  ,neat 


Pw.    MO. -Tooth   of 

/.,  ii"].. 

-   ^  i.ifl.T  linililri/, 


l'i.  i,  »*V—  n<v»ij  of  ZcugtoSon  "■toldc».  x  A  (»fl«r  0»u- 

ilea.     And  yet,  from  their  largi  I  murine  habits,  they  ar* 

more  likely  than  laml  in.tiii tnals  to  huve  been  found,  if  they  existed   ill 
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oarln ■>   01   t'ristaceotw  timet.    'I'lie  origin  of  whales  is  not  known,  al- 
though they  probably  ramofnxn  find  mammal*  by  retrograde  change* 

t'\ir  ii'/iin/ic  i. 

'  border  strata  are  of  course  all  marine,  and 
theref ON  contain  very  few  land-animals.     It  is  to  tl  ■  >•  ba- 

sin* uf  the  ulterior  that  we  must  look  for  a  full  record  of  the  niarn- 


Tw.  S07.— Vortrtri  tnit  Tmih  "f  ZvnsMun  crtoiilw.  Mdnctd. 


hi  fauna  of  America  En  Tertiary  times.  These  basins  furnish  the 
fullest  and  i •  i -  ■  - 1  oontdnnow  reoord  "f  the  iranle  Tertiary  which  baa 
orer  yetbeen  Gonad.    The  Early  Tertiary  fauna  of  America  was  wholly 

different  in  species  ami   in  genera,  ami   even   largely   in  families,  from 

k  of  Europe.    Tbi  at  the  two  continents  were  then  as  now 

■!y  separated.     It  will  bo  beet  to  take  them  in  the  order  of  tin  ii 

u  wq  ran  thna  best  show  the  evidences,  if  any,  of  derivation  of  the 

later  from  the  earlier  fauna?. 

4.  San  Juan  Basin— Puerco  Beds— Lowest  Eocene.— In  the*?,  the 
very  lowest  part  of  the  Lower  Kncenc — so  low  that  they  arc  regarded  by 
some  even  as  partly  Laramie— Cope  has  found  a  great  n  mnhor  od  D  Ml 
lordinary  mammal?,  more  generalized    thuii   any  before  known. 
:  true  mammals  seem  to  have  been  very  abundant,  for,  out 
"f  I '  of  v«  rt.bmtos  found,  93  were  mammals.     They  represent 

already  all  the  main  division*  of  the  Mammalian  cla&«.      B       lee  marsu- 
pials continued   from  the  Mesozoic,  there  were  Carnivore.?,  Herbivi 
In*?'  urine  Primates;  but  in  forms  so  generalized  that 

-I  aroely  deserve  and   may  well   lw  called  /Vo-Car- 

nivoree,  Pro-Herbivoree,  etc.,  or  progenitors  of  these  now  widely-dis- 
tinct orders.  rnaina  uf  tin.  r  animals  are  not  so  perfeot  as  thoee 
on  higher  horizons.  We  select  for  illustration  an  almost  perfect  hind* 
limb  of  the  Periptyrkits  of  Cope,  one  of  the  D  of  known 
nail.  It  is  aeefl  that  the  foot-structnre  is  pcrfeetl  and 
i  read  completely  plantigrade.  It  is  an  admirable  example  of  the 
primitive  foot 

Si 


TKRT1AKY    A.N1MALS. 


531 


as  the  ancestor  of  the  Ungulates,  or  hoofed  animals,  but  with  almost 
equal  right  may  be  claimed  as  the  ancestor  of  other  orders.  It  was 
fii'o-tocd,  each  too  provided  with  a  fiat  nail,  whieh  was  neither  claw 
nor  hoof,  but  bet  sum  the  two.  It  hud  bunodont  molar*,  a  full  com- 
plement of  unmodified  teeth,  and  foot-bones.  It  wa.-.  therefore)  prob- 
ably omnivorous  in  habit.  Cope  has  describe*!  nine  ipeoiaa  partly  from 
Qui  horizon  and  partly  from  the  previous.  They  were  about  the  size 
of  a  eheep,  or  perbajw  u  little  larger.  The  ( 'oryp/tudoH  was  a  genus  of 
largo  animals,  of  nay  generalized  structure,  uniting  the  clmv. 
the  more  generalised  (TngnhUetiinoh  as  Tapirs,  with  those  of  the  mom 
generalized  Carnivores,  such  as  Bears.  They  were  five.tued  Qngalatea 
with  full  number  of  unmodified  foot-bones,  and  u  tread  somewhat  like 
that  of  an  Elephant.  Eight  or  ten  species  of  C'orvphudiintidre  have 
been  des.-ri1ied,  varying  in  size  from  that  of  a  Tapir  to  that  of  au  ox  or 
larger  (Fig.  iilO). 


\    \ 


rv 


±m 


r/ 


Flo,  W>— <'<irjj.h<«loi»  IUiiuIim  nftrr  Mai*hv  .4.  Ilcml.  •(w>»inc  form  of  Xh« l>r»ln,  a  \:   II.  Ill&d- 

lie  aame  beds  are  found  the  remain*  of  what,  is  bettered  to  be 
the  earliest  progenitors  of  the  horse  faun  i.-t,  \i/...  the  Bokigpui  (davrn- 
horae).     This  was  a  small  animal  about  the  size  of  the  fox,  villi  three 
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hoofed  toes  on  tlu-  bind-fivt,  and  four  functional  tot-*,  u  fifth  mcta- 

:],  and  a  tiding  rudimentary  lift!'.  toe  00 

As  already  Bftld,  generalized  (  'iirnivoroK,  Iu-'  limuritk- 

in'  in  fcej  a,  Pro-8imfa,  are  brand  on  this  and  the  p 

8.  Green  River  Basin-  -Bridger  BedB— Middle  Eocene.—  I 
wowi'-  i  b-water  deposit  Chen  have  bei  :  '  ;■   M*  I 

1        ■  and  Leidy.  130  species  of  \.  nun»>r 

lammala    ThiaaoovaaniarToloaa  abnnd  mammalian  life 

In  this  early  Tertiary  time.    Tho  tu<>-t  numerous  of  th< 
animals,  booI  m  •  lAmnoh 

but  the  most  formidable  an    the  /'■ 
Marsh  and  including  the  genera  Dinocenu  (Mo  imam 

ly),  and    2  i),  or  £<M 


^ 


• 


»2.~0*' 


fta.  911.— Oinwcru  mlrablle,  x  |(att«  M*nh):  a.  *k»lt.  II.  Uuri'foat,  N  |;  C,  Fow  V 

main*  of  thirty  species  and  more  than  one  hundred 
individuals  of  this  order  have  been  obtained  from  the  Middl- 
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df  WjOBdagnA  deposited  in  the  Museum  of  Yulo  College,  where they 

4  thil  order  in  tli.  Hm. i 

in  tho  skeleton  uf  this  animal  is  now  known.     Although  eluphunl 
in  siz>-,  i.  evidence  in  the  skull  of  tin-  existence  of  a  proboscis; 

the  proportions  "of  the  Deck  ami  fore-linVbe,  furthermore,  show  that 
iu  presence  was  mineutwsarv.  Three  pairs  Of  burn.-;  are  indicated  ],\ 
the  projecting  cores  (Pig.  911),  one  pair  «f  which  stood  fur  in  fr.mi 
on  the  nasal  bunes,  another  OS  tin-  maxillary  bOBM  immediately  ulinvr 
the  canines,  and  u  third  und  nmcli  tugM  pair  further  back  on  tbc 
parietal  bones.     This  hist  pair  were  sheathed  with  a  thickened   intogii. 

it,  which  may  haw  developed  into  true  noraysa  in  the  l' rung-horned 
I'll-'  three  pairs  of  elevations  are  present  in  both  sexes,  but 

portion*!!}  smaller  in  the  females.  In  addition  to  these  formidable 
weapons,  both  sexes  wen  pror  Ided  with  canine  tusks,  those  of  the  males 
being  Tcry  powerful,  in  gome  cases  seven  or  eight  inches  in  length. 

The  most  specialized,  and  latest  of  the  Dinoeerata  was  the 

huge  monster  Tinocera*.     The  bead   of   thil  animal  was  fmir  feci  in 

"b,  and  the  horn-cores  much  longer  than  in  Dinoceras.  Fig.  912 
is  a  restoration  by  .Marsh  of  this  magnificent  animal. 


V, 


?/>n, 


Fio.  tit.— Rritonilca  of  T1c<x*nu  Injro*  «  A  <»n«r  ll»i»bi. 

The  animals  of  this  entire  order  seem  to  have  been  quite  abundant 
for  a  short  time  dning  the  latter  part  of  the  Middle  Eocene.     They 
then  became  t-xtnni.  kiting  apparently  no  successors,  though  poe- 
tbe  Elephant  tribe  of  to-day  may  bo  their  greatly  modified  descend- 
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ante.    Their  feet  wero  provided  each  with  five  toes  (Fig.  Oil),  and  the 
bruin  wafl  proportionally  .-mailer  than  in  any  other  land  mammal. 

Another  i  rl  KM  linary  group  of  animals  discovered  by  Marsh  in  tin 
Boo  M  l  km  I  s  has  been  placed  by  him  in  a  new  order  called  Ti 

I  !U4).    Thaw  aniinals  eofflbina  the  head  and  claws  of  a  near  ■ 
the  incisors  of  D  Rodent  and  the  general  aharaeteri  of  1'nguhites.    The 
um  i  he  reyinied,  therefore,  as  a  remarkable  generalized  type. 

10  the  line  Of  decent  of  tlie  horse  family 
— EoJiippus — in  tho  Lower  Boom)    VTahsatafa   beds.     In  the  Middlo 


f*i£fr 


Fin.  Ml— Llmnoiiru*  (l1ila>o»rop»)  i«fter  LcMj). 

BoeaM  Bridger  beds  we  find  the  nasi  in  the  series — the  Orohipput 
(mountain- horse).     This  was  of  similar  Bte;   but  already  tin 


3 
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lr.rtamrp  and  rudimentary  toe  are  gone,  and  there  were  now  three 
d  l-feet  and  four  functional  to<  f»*t. 
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Mingh  tho  Hi-rliivnrr.-i  predominated,  there  were  many  mammals 

belonging  to  other  orders.     For  example,  there  wore  ffpooiel  allied  to 

iln:-   I  If,  Mid    FOXJ  ul.-»,    Kat>,  Squirrel^  Moles,  and  Marsupials; 

also  many  Monkeys   allied  to  the  Lemurs,  Marmosets  ele.,  but  more 

iialusd  lli-'i'i  any  living  Lemur. 

7.  Mauvaisea  TerreB  of  Nebraska-  White  River  Basin— Miocene  — 

From  this,  the  earliest  discovered  of  tin:  Tertiary  ba>iiis  of  tin*  Wet 
(see  Fig.  813,  p.  304),  have  been  collected  by  llayden  and  described  by 
Loidy  mora  than  4<>  species  of  mammals,  of  which  2b  are  I'ngul. 
irnlvores,  and  the remainder  mostly  Bodanta  Mauy  other  spa 
have  been  discovered  in  the  same  locality  since:  that  time.  All  t  In ■ 
specie*,  nearly  nil  the  genera)  and  many  eveu  of  the  families,  are  entirely 
different  trom  Hum  found  in  the  preceding  epoch,  and  much  man 
modern.  Although  tlie  tupir-like  atiiiii:tls  xtill  prevail,  species  of  the 
dear,  tin:  camel,  tin-  hone-  and  the  dog  families  arc  udded.  T Ilia  is 
seen  in  the  following  schedule  : 


Carnivore*. 


Ungulates. . 


Ami,-. 


Ilvi-na. 

WtSt 

Tiger. 
Pantbor.  J 

rrrjr.  funnily. 

Tipir-likc  animals. 
l>e«r  family. 

Uto*e    " 
Rotatr. 

Turtles. 


The  most  extraordinary  animala  of  this  time  were  the  Brontotheri- 
da>.  This  family,  according  to  Marsh,  hudadad  the  Humtotherhim, 
the  Menodus  (TiUmotherium),  tho  Bmntopa,  and  several  other  genera. 

J  were  of  elephantine  size,  with  singular,  saddle-shaped  bead  like  a 
Rhinoceros,  and  with  at  least  one  pair  of  largo  horns  on  tho  maxillaries. 

so  are  sometimea  enormously  elongated.     Pig.  DIG  is  a  restoration 
of  Brontope  by  Marsh. 

DC  afBnitiM  with  their  predecessors  the  Dinocerns,  I  d1 
their  nearest  allien  are  the  Hhinueeraa  and  the  Tapirs.    Like  tho  latter. 

.  hud  three  hoofed  tors  on  the  hind-feel  and  four  on  the  fore-- 
ftmilj  arc  found  in  the  Miocene,  eap' 
Mesohijynis  and  i  \t  ..,  .    These  had  lost  the  total  >  the 

fore-feet  possessed  by  tho  Orokippus,  and  therefore  had  three  tor*  m 
afl  tftefcti,  They  may  be  regarded  us  the  first  of  tho  true  horso  family, 
Equities.    These  three-: 1  horses  were  about  the  size  of  a  sheep. 

Tin1  was  another  remarkable  animal  of  generalized  struct- 

nre,  intermediate  between  the  1  loir,  t lie  Deer, and  the  Game! 

at  this  time  inhabited  in  great  numbers  tho  whole  continent  from 


Fio.  815.— Brontop*,  ratoreil  bjr  Mor*b,  k  &. 

Nebraska  to  Oregon.  Thirty-five  species  of  Oredontidas  are  known, 
although  not  all  from  this  horizon.  The  head  of  unu  is  given  below 
(Fig.  HIO). 


Fio,  91«,— Oroodon  CulbrrUonl  (after  tiaudrjrt. 

The  Miocene  of  Oregon — John  Day  basin — is  equally  ttofa  in  re- 
mains of  all  tin.-  EamillM <  mentioned  abov  .      AntODg  C.n.-iivon-s,  beside! 

i " :  1 1 :  of  the  Cat  family,  Cope  has  &  iaa  of  tb* 

Dog  family. 

Ir  is  veil  to  not-e  that  in  the  Miocene,  for  the  Bnri  iim. 

\malt  boga  WTe  have  he  let  of 

the  dog,  the  cat,  the  deer,  the  camel,  the  hone,  and  the  1 1  I' 
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ia  well  to  note  alio  thai   the  American  * 'ontinent,  as  shown  by  the 
BJliananeas  of  its  mammalian  fauna  waa  sti II  oompletalj  iaolaiad 

B.  Mauvaisos  Torres-  Niobrara  Basin— Loup  Fork  Beds— Pliocene. 
— lu  nearly  i lnr  same  locality  OYarljing  the  [ant,  but  extending  farther 
< ■••••11  r  laki  - 1 i - 1 »'■:-: .  times,  foil  of  mamtnaU 

but  again  H'linlly  different  in  species.    Among  I  ognlatae  then 
Bhinoeero  ,  1 1  bigot  the  Indian  {B.Am$ri- 

■.«),  the  same  which  lived  in  the  Qua- 
I'.Tii.nv.  trigger  than  anj  DOW  living;  |  M.i  - 
todoo,  but  smaller  than  the  great  ICfl 
of  tho  Quaternary ;  a  large  number  of  the 
horse  family  and  Baron]  of  the  camel  fami- 
ly, beside*  many  other  families  of  QogO- 
l.iii'-,  Carnivores,  Bodenta,  etc.  Hoth  the 
horse  and  the  carnal  'a'nily  w.-it  m- 
■Hannutly  represented  .u  that  time  in  Ameriofl 
d  I  ontutent,  In  fact,  it 
ot  at  all  improbable  that  they  originated 
here,  and  emigrated  to  the  other  continent. 

im  the  presence  of  Elephants,  Mastodone,  Rhinooeroa,  Pamela,  and 
lloreea  on  both  eontinenta,  wo  eonelodB  thai  the  tiro  continents  were 
probably  connect*/  in  Pliocene  time*. 

Among  the  horse  family  found  here,  the  most  interesting,  as  show- 

aohtowai  •  bona,  in  the  )'>\,iohippu8 

and  the  P  rger  than  the  Miooenetorsea,  being 

■honttfa  the  ass.     The  former  was  three-toed,  but  the  two 

toes  wef'  Olid  shorter  and  scaively  f»mi.-ti«..iiul,unli 

ground;  the  latter  had  ahead;  lost  tine  aide  I  was  almost  but 

not  quite  ■  perfect  hone. 

We  wa  hare  for  the  fint  time  ttitt\  -sand 

in  the  higher  both  begin  to  appear,  but  not  yet  axi 
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Illiiaftcoros. 
Klaphcnt 

MllitHllliU 

Three  of  the  Quel  family. 
Five  of  the  Ilor»e 
•  Ireodaa. 

Drcr. 

lbs. 

W«.lf. 
Tlpr. 

IS.'iiv.  r 
I'lMi-upiBC 


craTAoeoua 
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Flo.  BIT.— The  Sii«mHvk  App<*«ranr<<  unit  Incrpulng  Prr*^nt«e*  of  Kilitlng  Urden,  FuniltaH. 

I r.i.  lad  S|n-fi<-»  »f  Maninwl*. 

for  these  do  i  ar  until  the  Quaternary.    T  sireappasY- 

anco  and  inoreasing  peroentage  of  existing  orden,  families,  genera,  and 

specie*  of  mammal*,  ia  bIiowii  in  a  very  general  way  in  the  accompany- 
ing diagram. 


CENOZOIC  Era— AGE  OF   MANUALS. 


Some  General  Observations  on  the  Tertiary  Mammalian  Fauna.— 1. 
She  of  Brain. — Li«  bows  that  thi  •  of  some  of  the 
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Tertiary  animals  is  decided!]  -ly  Quu  that  of  their  liv- 

ing i  Marsh  has,  BOO  &  a  gradual  increase  in 

nln:  -if  the  brain  from  the  earliest    BoOODQ   to  the  prcM-nl  t i i r i > ■ . 

Tbfl  brain  of  tbi  Lower  Eocene,  is  not  only  extremely 

small  in  proportion  to  the  siw  o1  the  bn<  Umj  higher  portion  of 

in  proportion  to  the  et 
ni.    Tho  brain  of  the  Bdidd  ■•  Dinooaraa  is  only  about  ono 

oigbtbtiK  ho  "f  a  living  Rhinoceros  of  eqtiul  bulk.     Tin- brain 

of  tliu  II  Brontothera  is  larger  '  of  the  Boo  d  ■  I'ino- 

ccras,  bin  mailer  than  that  of  the  Pliocene  Mi  of  nearly 

the  same  size.     Through  tin:  whole  tine  of  ancestry  of  the  horse  tin 
gradually-increasing  aitt  Of  tbfl  brain  may  he  tru 

alread  em  was  true  of  early  bird*  gad  rent! 

:•!•  ha-*  l»een  a  gradual  increase  in  brain-power,  and  therefore  in 
and  mil-  LI  <  lusscfl. 

, .  immi  -./'  Existing  OrA  r* — Wfl  have  Been  that  the  main  DM 
of  the  Mammalian  class  if  i  kwurd,  approach  one  another  nn 

sryj  and  if  we  could  trace-  them  still  further 

back,  they  would  unite  in  the  (  ret  n-cnus  in  a  ecu 

innmufii.    This  wits doabtleu a  plantigrade, flre-toed,  bunodont, omim- 

tbii  common  item  the  Garnivoraa  and  the  I'lijn- 

latea — to  take  only  the  two  most  ndcly-contrealed  lypm   diTwgcdniora 

mors  in  all  theae  characters— tin1  one  becoming  more  and  more 

adapted  to  fl«  ^ii<  nlitiL'.  iln  I   eating;  the  one  for  seizing, 

ither  for  escaping — until  the  present  extreme 

:i.    i.  <  Krixlimj  FamQim.     Nbl    onlj  did    these  two  main 

brandwi  separate  mora  end  more,  bni  each  of  them  branohod  again  to 

To  ilh  .  ie.  order  of  Ungn- 

urn, 

I  id  all  rjngnktflfl  into  two  orders,  viz.,  Pagkytitrmt  mid 

Mb.    The  Pachyderma  an  i  eder,  but  ihe  Bn> 

■f  the  moat  distinct  of  all  mamtnii- 

lian  orders.   Their  burns  in  pairs, tbeir  i f-  in  pein,abaenoa  ofnppcr 

front-teeth,  -  ■  1 1 .- 1 1 > '. i •  \  srnmacha,  and  (be  babil  "f  rumination,  differenti* 

i  nil.lv  from  all  other  animal.'*,     lint  Prof.  OweiD  showed  that 

0  clear  in  zoology,  was  untenable  in  paleontoh 

in    .  ind,  in     idying  extinct  rjngulstee,  that  another  diatinction,  viz., 

Eoot^atractnra,  was  more  fnndamental  and  petaiatettii    Be  therefore 

divided  all  Ungulates  tl  >  (odd-toed)  and   .1  rt iodaci yls 

d).    A  Perfasodacty]  raaj  :  toe*,  as  in  the  Corypho- 

and  the  Kl.-phant ;  or   three   toes,  as  in   tho  Pal.-pnthere,  the  Ithi- 

Droa,  and  the  Tapir;  or  ono  toe,  as  in  the  Bone.    The  Artiodae 

always  have  tbeir  toes  in  pair  BWJ    be  only  two  toes,  as  in 

iplot  here  and  in  Ruminants;  oi  four,  at  In  the  II  "Hippo- 


\n„ 


Flu.  SSI.— DUgram  illnetroting  lb--  I  Eton  of  Ibc  Different  TomlUc*  of  tTofnlMc*. 

IToW  in  tin-  Earliest  Tertiary  the  sub-orders  Artiodactybl  and  I 

i  in  a  common  ancestor  or  i  v/>,  from 

viii.h  they  afterward  separated.    The  Phenacodnsol  I 
p.  680)  BB80U  to  bo  mob  a  primal  Ungulate.     Bach  of  tin-  primary 
branches  then  divided  and  again  divided,  until  the  extreme  branch  in 
one  direction  become  :  d  the  w  is  eUwi 

direction  i In'  Ox.     Iii  the  tree  above  we  hove  attempted,  in  ■  g-nersl 
way,  to  represent  the  differentiation  of  th<  -•  v<  ml  orders  of  l'i 
The  Onviarian  orders,  Paekydemu  and  fiawi 

vinculum.    It  is  scon  at  a  glance  why,  in  studying  living  animals  el 
the  Bnmhuntta  seem  10  distinct. 

Genesis  of  the  Horse.— In  conclusion,  it  will  ho  interesting  ai  i 
str active  to  run  "tit  one  of  theee  branches  aud  show  in  more  di 
genesis  of  one  of  the  extreme  forms.    For  this  purpose  we  select 
Ilorsi.',  because  it  l»as  been  somewhat  accurately  traced  by  Ho 
by  Marsh.     About  thirty-five   or  forty  species  of  tin.-  family,  ranging 
from  the  carlu'-t    Eocene  to  the  Qui  ,  are  known  ii 

Tin-  stops  of  I'volntion  may  therefore  bo  clearly  tr.i 

In  the  lower  pari  of  the  Eocene  basin  (Cbr 
Kivor  u  found  the  earliest  known  annual  in  the  direct  line 
tin.'  boras  family,  viz.,  the  recently-described  Eohippvti  at  Hen  b 
animal  had  three  toes  on  the  hind-foot  and  fonrperfec  a  toes 

on  the  fore-foot;  but,  in  addition,  on  the  fore-foot  ai 
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meUtcarpnl  ($plint)(  and  possibly  a  corresponding  rudimentary  lift  ■< 
(the  tbur  -iff.     Also,  the  two  bouts  of  the  leg  and  : 

arm  were  Inei.     This  animal  was  no  larger  the 

Next,   iti   ili>-    Middle  Eocene  (Bridgcr  beds),  came  the 

.a.  end  baring  similar  structure,  ex< 

that  the  rudimentary  tliumb  or  dmv-cluw  ia  dropped,  leaving  only  four 

t'M i  i  i    it.      Next  ramp,  in  the   L<H  MM,  tin-    \fuol 

:i   which  the  fourth  toe  has  become  a  rudimentary  and  oa 
ill  in  tin-  Mi '-.  the  Miohippueat  the  i 

States  and  nearly-allied  Ani'luilivru  of  Europe,  more  horse-iike  than  thu 
preceding.  Tho  rudimentary  fourth  splint  is  now  almost  gone,  and  tho 
middle  hoof  hits  litvuinu  lurgci  :  iierarthi  ktt,  the  lv>-  .-idi-hoofl  are 
still  servii.v:dilo.    Tii.-  two  bones  of  the  leg  hare  al 

till  quite  distinct.     This  animal  was  about  the  size  of  •/  $} 

Next  i  iinic,  in  tin-  Upper  Miocene,  Bad  Lou  mho,  the  PreUihip- 

put  oft'  ;ites  and  allied  11  <.  BB  •"■ 

more  horse-like  than  the  prac  in  struct  n  re  and 

Every  remnant  of  the  four!  is  now  gone;  the  middle  hoof  has 

become  still  larger,  and  the  two  side-hoofs  smaller  and  shorter,  and  DO 

apt  in  marshy  ground.    It  was  about  tho  wbu 

■  -.v.     Next  cams,  In  the  PHomtr,  tin-   i'}iuhipini.\,i\.\iw.)*l  a  comph  d- 

bona  The  hoofs  are  raduoed  to  one,  bul  the  splints  of  the  two  side- 
toee  remain  to  attest  toe  line  of  desceut.  Jl  differs  from  the  true  ln<t  -..■ 
in  the  skull,  shape  of  the  hoof,  the  less  length  of  the  molars,  and  Home 

•  less  important  detaila     I  .  in  the  Quaternarftiht  mod- 

ern horse — BqUiU,    The  hoof  becomes  rounder,  the  splint- bones  shot 

tho  molars  longer,  tin-  si n.|  bono  of  the  leg  more  ruin  end 

the srolutfonatj  change  la  complete. 

ilar  gradnal  changes,  becoming  moro  and  more  horse-like,  may 
be  traced  in  the  shape  Of  the  bend  and  neck, and  especially  in  the  irta.l- 
ually-increasing  length  and  complexity  of  structure  of  the  grinding* 

.    All  these  changes  are  ihown  In  I  for  which  we  are  in- 

debted to  the  I  of  Prof.  Marsh.    The  Eohippos  is  omitted,  as 

no  figures  <  Km  published. 

re  can  be  do  doubt  thai  if  we  could  t  race  the  ltae  of  descent  iUU 

farther  hark  we  would  Bnd  a  perfect  live-toed  ancest-'i.     i'r this 

normal  number  of  five,  tho  toes  hnro  been  successively  dn.ppwl,  a«- 

ing  to  a  regular  law.    In  the  P  totyl  line  first  the  thumb, 

No.  1,  was  dropjud  -.  then  the  little  finger.  No.  &\  then  tin  first  and 
ring-fingers,  Nos.  2  and  4.  were  shortened  up  more  and  more  and  finally 
j'peared,  ami  onlv  the  middle  finger,  No,  8,  remained  in  the  modern 
horse-  In  the  Irtiodactyl  line,  after  the  dropping  of  No.  1.  then  Nos. 
2  ami  5  of  the  '••in  toed  foot  wereehortened  and  gradually  disappeared, 
and  No?.  8  and  4  remained  in  the  ruminants. 


KRAL   OBSERVATIONS   OX   THE   TKKTIAKV   PBBIOO  ;,  |;; 

from  the  Pantolestes  of  ihe  harly  Eocene,  through  tin-  1'  riaxn 

of  the  U  tttd   tiie    PrOCam*hM  of  the   1'lioeeno,  to  the  modern 

d  "     Similar!)   alM   tin    modem   deer,  with   its  branching  antlers, 
may  lx-  traced  friiin  tin-  Lower  Pliocene,  when-  they  li.id  miller*'  ad 
or  two  point*  through  the  Upper  I'li- ■ecu.-,  when  the  antler."*  lire  more 
complex,  to  the  magnificent,  many-branched  on  tiers  of  the.  Quaternary 
and  modern  tunas. 

Prom  the  earliest  mid  most  generalized  types,  therefore,  to  the  pres- 
ent Bpetialisad  typo*,  the  principal  Ol  have  been,  first,  from  planti- 
grade to  digitigradc ;  second,  from  short-footed  digitigrndc  to  long- 
footod  digifcigrade,  i.  •■.,  mtmuing  elevation  of  flu  /•••';  third,  bom 
Uto  toes  to  oue  toe  in  t ho  Horse,  or  two  toes  in  Bnminantgj  and, 
fourth,  from  simple  omnivorous  molars  Ui  the  herbivorous 
milUtones  of  the  Horse  aunl  the  Ox. 

The  change  bom  plantigrade  to  digitigradc,  with  increasing  eleva- 
tion of  the  heel,  when  taken  in  connection  with  Ukon  itt  of  the 
brain,  and  therefore  presumably  with  increasing  brain-power,  shows* 
gradual  impmu-mcut,  I                Die  adapted  for  Sfiecd  and  activity,  and  a 
-e  of  nervous  and  muscular  energy,  necessary  to  work 
protod  strooturo. 

4.   No!  'ii.lv  does  the  mammalian  fauna  of  the  Miocene  differ  com- 

!v  f i« ■  in  thai  of  I'm-  Booene>whioh  prooai0B,snd  from  the  Pliocene) 
which  succeeds  it,  but  there  seem  to  have  been  at  least  three  distinct 
Eocene  mid  two  distinct  Miocene  faunae  Thus  there  have  been  many 
complete  changes  in  the  mammalian  fauna  in  Tertian. 

'  Ob$$rvaliom  0H  the  Trrtuiry  Period. 

inve  already  seen  (p.  479)  that  during  Cretaceons  times  u 
sea  occupying  the  |K>sitir>u  of  the  Western  Plains  anil  Plateau  region, 
divided  America  into  two  ('oniiuci.ts  an  Kastern  und  a  Western.     We 
B  also  seen  (p.  195)  that  at  tlie  end   of  tin-  Cretaceous,  this  BBC  was 

obliterate!  by  continental  upheaval,  and  tlu   on  ttnent  boot 

During  the  E no,  the  aartern  portion  of  the  plane  formerly  occupied 

by  this  sea  was  probably  dry  land,  but  in  the  Phi  >n  there 

were  v   hikes,  one  north   of  the  Uintah  Mountains, 

Green  River  Basin, and  one  sooth. of  the  ■mo,  and  probably  one  in 
Oregon.      There  were  possibly  others  yet  unknown.      At.  the  end  of 

• -in  the   Plateau  region,  which  drained  the 
ikes,  tli rough  the  Colorado  Bivor,  and  a  ooaeepandiag  iepim 
siou  in  the  Plain*  region  <m  tli-  to,  and  tin;  Basin  region  on  the 

other,  not  sufficient-  to  form  a  seii  again,  but  sufficient  to  fori 
Miocene  lakes  there.     Daring  the  Miocene,  the  bored  bottoms  of  tho 
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Ka  i  m  lakes  were  huI>.:' ■■  I  i'  i  n  ligionf  erosion,  and  much  of  the  gen- 
eral erosion  of  the  Plateau  region  occurred  at  Thut  time,    At  Q 
the  tfiooene  occurred  the  greatest  event  of  the  1 
the  greatest  in  the  nistoryofl  rioan  <  i  ntin  n1 

tha  Ma-bottom  off  the  than  Paoiflo  coeel  o  tht 

most  Domplioaied  roldi  (p.  869),  and  iwollan  op  into  the  ; 

,it  the  Winn1  tirih'  li.-Miiv:-  wm-  funned  in  tht-  Cascadi 

taring  of  the  great  lava-flo  (forth  west*  already  spoken 

of  (pp.  910,  868).    (  oinoidantLy  with  this  there  was  a  forth. 
down  of  the  region  of  the  Plain* 

extension  of  tiu  I'H< ne  lakes  In  then  attended  probably  with 

a  furthis  ho  Plateau  region.    Daring  the  Pliocene,  the  irrvater 

pari  of  the  caflon-outting  of  the  Plateau  region,  and  nearly  all 

-rlowa  of  the  Went,  took  place.     \i  the  unl  of  i 
lake  bliu-nucd  by  t)^  further  upheaval  cd 

tinent,  niii.ii  inaugurated  the  Q  ary.    I  oil 

aval  uplift,  mount  ing  by  <  nist-bloek  t&tlngooi  art  rand 

scale.    TheSienayihfi  Waheatch,  and  tho  Basin  Ran 

•mi  ami    h<  rf  the  great  north  and  a 

faolt-eiifh  of  the  Plateau  region  w>  re  mainly  fora 

While  il  lingonis  of  the  continent, on 

the  southeastern  and  Bonthern  border  the  continent  gained,  by  gradual 

nearly  ail  tho  area  -haded  as  Tertiary.    In  tl 

tinenl   was  lini.shed   with    the  exception  of  a  large  portion  oi 
snd  the  ua-istandt  and  aU  tfs*  about  the  shore*  of  the 

Atlantic  and  (!ulf  States.     These  belong  to  a  still  later  period. 

Thai  wo  see  that  from  I  he  ■  ml  of  tin-  l  i 
Tari  i  re  was  a  gradual  upheaval  of  the  whole  western  half  of  tht 

:,  by  which  the  axis,  or  lowest  line,  of  the  great  inti  rial 
tiiu'iital  basin   WU  transferred  more  and  more  eastward  to  its  pti 
position,  the   Mississippi  River     Probably  correlative  with 
hearal  of  the  waatarn  U.ilf  of  the  continent  was  the  downlinking  of 
tho    mid-IVilic   bottom,  indicated  by  coral- m-i    (j 

sqnenoe  of  the  same  upheaval  tl  of  therivatawu 

I.    imnaM'd,  and  thus    were    formed    I  IS   in    tht 

.  i    .I'.i-.i.l  i.  :m  I  An/nnai  \> here  the  i  was 

greatest    Thus  the  down-ainking  of  tho  mid-Pacific 

total  of  (he  Pacific  side  of  the  continenl  doten~4utting  tit 

the  river-channels  into  those  wonderful  canons,  are  closely  com 
with  each  other. 


*  in  some  place*  about  (bo  ahorc*  of  tV  Gulf,  for  wafont  which  will  be  ciplaiiwJ 
hereafter,  the  Quaternary  tlepo'li*  an?  considerably  elevated  aboTc  the  «*«-lc»t'l 
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BBCH0K    2.— QraTERSAUY    I'EKIOI). 

Characteristics. — The  chief  characteristic  of  thsQnatenu 
H  is  a  period  of  gnat  am  do*    u    Batten*  of  the  earth's 

Lone,  attended  imM  grt&t  A 
During  Ibis,  period  the  oIbbb  of  mammals  seem  to  ) 

During  this  period  also  man  seems  to  have  ripptarrd  on  the  -■  i-iir*.     VYc 
.ill  it  the  age  of  .Man,  however,  because  he  hu  yet  estab- 

lished his  reign.     Hi-  » j ■ ;  •  ;ier  in  ■OOOrdSfiOQ  with  Un- 

law if  eu .'•''< i/wtion.  As  already  stated,  the  Invertebrate  Banna  was 
almost  identical  with  thai  Mill  living,  but  tin-  maraznalfarj  Banna  was 
almost  wholly  peculiar,  differing  both  from  the  Tertiary  which  pre- 
ceded and  from  tin-  pneenl  vftAoti  followed  it. 

Subdivisions. — The  Quaternar;  period  is  divided  into  three  epochs, 

vis.:  I.  Glacial  ;  II.  Ohamplain;  III.  Terrace.  Tin  -.  epochs  are 
characb-  ha  direction  of  the  crust-movement,  and  of  tl. 

The  I     rial  epoch  is  characterised  i>v  nn  upward  move- 

•  if  the  orttat  in  high-latitude  regions, until  tho  continent.*  in  those 

regions  stood  l,yoo  to  8,000  taef  above  their praatnl  height,    I.. 

portions  of  these  regii  to  huve  been  sheeted  with  ice,  and  an 

o  rigor  of  climate  extended  far  into  now  temperate  regions. 

The  an  epoch,  on  the  contrary,  is  characterized  by  a  i/nmi- 

motaon  of  land-surfaces  in  the  same  region  until  tl  tood 

relative]]  600  to  1,000   fefet  above  its  proseiil  level,  covering,  of  BOUiae, 
much  that  is  now  land -surface.    It  was,  therefore,  a  period  <>f  inland 
Coincident  with  tblfl  BUtkiag  was  a  moderation  of  climate,  and  a 
It  was,  therefore,  also  a  period  of  great  lak$$  and 
..<.    Over  the  inland  seas  and  great  lakes,  masses  of 
loosened  from  the  hi -sheet  on  their  northern  borders,  /.'nnAr/.     It  was, 
fore,  also  a  period  of  ictbtrga. 
The  ii  is  characterized  bj  tho  gradual  riling  again  to 

condition  of  the  continenta,  and  the  aatabnshmcnt  of  the 
present  condition  of  climate.     It   is,  in  fact,  a  tranritUm  i<»  thajwat- 
ra. 

Although  we  call  these  divisions  eporhs,  yet  we  must  not   oppose 
that  they  are  equal  in  length   to  LI  lis  of  earlier  times.     Afl 

•  ■nt  time,  and  the  number  and  interest  of  events  in- 
B,  our  division*  of  tiim  rtar  and  shorter. 

It  is  so  difficult  to  separate  these  ejmchs  sharply  from  each  other  in 
all  countries,  and  to  synchronise  them,  that  it  seems  licst  to  treat  of 
whole  Quaternary  period,  taking  up  the  epochs  successively — first  in 
Eastern  Nor:  S, OS  the  type  or  term  of  comparison,  then  of  the 

same  on  the  Pacific  coast,  and  last  of  the  mime  m  Kh  rope. 
M 
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Quaternary  Period  in  rik  Aowri 

■d  Epoch. 

The  Materials  —  Drift— Strewed  all  over  the  northern  port  of 
h  Ariii'iini,  nver  hill  and  dale,  over  mountain  and  valley. 

',  nearly  nil   the  country  rock,  Archrcan,  I'alseozoic,  M 
Tertiary,  to  u  depth  of  30  to  300  feet,  ami  thus  largely  e. 
them  from  view,  is  found  a  /nrnliitr  surface  soil  i>r  deposit.      Ii 
819U  of  a  heterogeneous  mixture  of  clay,  sand,  gravel,  pebbles,  snb- 
angulur  atones  of  all  sizes,  nneorted,  an&tratiii.'ii,  uni 
lowest  part,  lying  m  immediate  contact  with  the  subjacent  000007 
rock,  is  often  n  stiff  <:luy  iiielo^ing  suhuuguhir  stance — i.  e.,  rock-frag- 

..-  vitb  tin'  oorneu  and  edges  nibbed  off.    This ve will eall  I 
H  Stony  day  "or  "Bowlder  ofay."    Ii  is  precisely  liln  the  grot 
moraine  of  a  glacier  (p.  55).    I  )Wl  this  is  often  found  in  places  a  looser 
material  witli  -inm-,  like  the  top  moraine  of  gbj 

on  the  surface  of  this  irift-aoil  are  brand  many  bowlders  of  all  ases, 
often  of  huge  dimanajona, ■ometimea  erea  100  ton*  or  more.    Tbenu- 
bedded  Bttbangnlar  stones  are  usually  marked  vitA  parallel 
(Fig.  0S8),  and  the  huge  enrfsjO  /far  an-/ 
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aoraio&ed.    The  depth  of  this  material  is  greatest  in  the  rnJJcys  sod 
least  on  hill  and  mountain  tops. 

It  is  difficult,  nay,  impossible,  to  give  a  description  of  this  peculiar 
deposit,  which  will  apply  In  all  cases.    Sometime*  scattered  abt" 
regularly  bhr  mgh  the  nnstratified  man  are  portions  which  are  roughly 
and  irregularly  stratified,  the  laminsa  being  of 
most  fantastic  way  (Figa.  034-936).    Sometimes  the  true  efesji  day  a 
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covered  with  a  more  regularly  itraltyml  inatarial,  constating  of  Band  and 
gravel,  apparently  subsequently  deposited  from  water.  This  is  particu- 
larly iIk-  case  in  the  buaiu  of         __ 

the  MiaMnppi,  as  o.  g.,  'n 
Ohio,  DHnoia,  and  Iowa.    Il  u 

probable,  how.  tot,  \h*\  this  bo- 
longs  to  the  next  epoch,  I'hain- 
plaiu.      Bometimea     irregular 


u 


■■ 


mound-like  deposit*  arfl  left   in      jrw.  KM._eection  on  nu»b  Cm*.  nc»r  Mcmn  Ukc. 

the  I  .     These  ciifomu. 

called  karncs,  drtmUnSi  I  tC-     'I  ioM  uiuler  whieb  these  are 

fanned  are  imperfectly  understood. 


fi».  feii, — S,i  i ofOraogi  Band,  MiuiMlppl  <»tt« 

have  said  that  the  deposit  is  peculiar.     Nothing  resembling  it 
is  found  anywhere  in  tropica]  or  low-ht<  In  the  South- 


Fie.  «S— Section  of  Onuifir  Brad,  Miwlmlppi  <*ft«r  Ullguri). 

em  Atlantfe  Stataa,  for  Instance,  the  soil  is  mostly  eitlier  the  insoluble 
lue  of  rocks  decomposed  in  rW»,  or  else  consists  of  neat ly-strati lied 

sands  and  clays. 

Drift-material  is  not  usually  represented  on  geological  maps,  since 

it  covers  all  kinds  of  country  rock  ;  or  -  representing  the 


Bio.  Mr?.-  Onteroppluf -Kradtd  Country  Rock  overlaid  bjr  Drift. 
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radons,  kinds  and  ages  of  con 

i  i.ir.  mi.t.-rul.     In  stations,  of  conrse,  it  is  easily 
•  anted,  as  in  Rg  I 
The  Bowlders. — The  moetcasnal  examination  of  tin-  great  bowlders 
Relent  in  muny  cases  to  show  that  they  <lo  Di 

try  where  they  now  tie)  for  they  ara  of  entirely  different  n  rum 

tlir  country  Kirk.     For  example,  blocks  of  granite  are  found   ■ 

fchon  unite  within  many  miles,  blocks  of  sandstone  on  i 

rook    t>(   lillK'-l'iiir.  or  rin     HV4B.       In   n.:iiu   0    Ml   ii    U  easy    to    liti'l 


Fig.  ft*  — Bill  rock  M-urril  with  gltcUl   innr|j«.,  noiir  ii>     iFrom  k  |. !...(. «-nqiti  bj 

:„'„  rtlo  | 

parent  ledge  from  which  these  great  fragments  were  torn, and  thosto 
trace  ')!'■  direction  "f  tbeir  transportation.     From  many  oh* 
..f  thi>  kind  it  has  been  determined  that  in  New  England  tin-  bowl 

in' nn"  usually  from  tin.1  northwest,  m  Ohio  from  tho  north,  and 

[owe   from   the   ncrtkttut.     In   other  words,  from  the  highlands  of 
ada  ami  a  ridge  ranning  thenoe  northwestward  (Arohs 

general  dii tion  of  travel  hag  b»  th,  and  southwest. 

North  oi  the  Archaara  area?  the  travel  una  probably  in  some  case >  i 
northward.    The  distance  carried  may  be  only  a  few  miles,  or  unr 


GLACIAL   EP«'CII. 


540 


ten,  fifty,  one  hundred,  or  even  several  hundn  I  mUoi     In  many  case* 

;   .-nrriiil   aorOM  valley*  J, 000  or    ,'.i eel  .i.-.  |., 

and  lodged  high   up  un   the  mountain   beyond.      In  many  non 
of  New  England  and  about  Lake  Superior  the  number  oi  (tegmental 
il  and  great,  is  bo  largo  as  seriously  to  encumber  tho  coil.    JSot  only 
tin*   hvgl  'T,  but    the  whnlu  mass  of  the  material  we 

been  describing',  Been)  to  I)  n  shifted  to  a  greater  or  less  ex- 

la  reason  thut  tho  material  has  been  oaUed  Drift. 
Surface-Rock  underlying  Drift.— On  removing  the  drift-eon 
tin-  underlying  rook  la  everywhere  polish*  <t  ami  />inned  anil  Hatred  with 
para!  like  robka  orei  vbiofa 

*  glacier  baa  passed.      We  will.  th<-r« -fore,  > ■ : *  1 1  this  Riirfiic»-:i|.|ic:ir 

"ffi"  We  rep]  ben  from 

of  an  ancient  glucier  in  Colorado  (Fig.  929).     Examinations  of  the 


*Sf*' 


•'J9.— Rocb«  Montoenfes  of  an  Anclvni  Old  n  t.  i\ilundvi«Xwr  Il»v 

SOOringS  ahoif  thai  fteil  pass  straight  up  inclines  for  consider 

■.,  up  one  side  of  a  hill,  over  the  top,  and  down  the  other 
aide.    Their  direction  is  nninflnenoed  by  ineoualitioi  of  surface, 

though  they  are  thus  Influenced  bj  the  great  vulteys  and  mountain 

r\<!> 

The  general  m  of  tho  scorings  corresponds  frith  that  of 

transportation  of  the  bowlders,  showing  thut  tiny  an  due  to  the  same 
cause.  Perfect  soil  on  perfed  sound  rook  always  shows  that  the  »oil 
has  p  formed  in  situ,  but  has  been  shifted ;  the  fiolis/n'nt/,  j, 


ing,  sroriny,  etc.,  of  the  rock  show  that  the  agent  of  the  shifting  has 

Extent. — The  general  extent  of  these  more  conspicuous  and 

phenomena,  'viz.,  the  <  \  the  itlony  c/ni).  and   '.Ik  i/reat 

biiwkltrn,  is  down  to  about  -to"  north  latitude.     The  line  of  southern 
limit  -lit-  tli.-  Atlantic  coast  about  -K>:.  lu-ar  Xew  York;  it  then  bends 
it  little  sou  tli  ward  to  3<°  3<*   in  Southern  Illinois,  and  then  turn-  a 
northward  again  as  it  passes  west,  and  may  be  traced  northwestward 
nearly  to  Montana  (Fig-  931),  and  reappears  on  the  Pacific  slope  in  the 
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Flo.  WO.— iiurnluw  vf  Uropv  Creek,  S»uk-re  del  Critic-  Mvuulaiii*,  Cwlurado  yttWt  f>«niMmi). 

southern  portion  of  British  Colombia  (Dawson).     Beyond  this  the 
rim  phenomena  mentioned  above  are  not  found,  I) 

Valley  of  the-  Mississippi,  and  on  each  side  to  a  considerable  distance, 
a  superficial  gravel  and  pebble  deposit,  containing  northern  bowtdi 
called  by  Prof.  Hilgard  "Orange  Sand  " — extends  to  the  shores  m 
Golf,     Evidences  of  focal  glaciers  in  the  form  of  moraines  are  f 
abundantly  in  the  Colorado  Mountains  (Fig.  930). 

Marine  Deposits. — Along  the  Atlantic  coasts  we  find  no  n 
deposits  of  this  time,  for  the  obvious  reason  that  the  continent  WM 
more  elevri  1  than  now;  whatever  marine  deposits  were  then  fu: 
are  now  covered  by  the  sen. 
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>ry  of  (he  Origin  of  the  Drift. 

When  the  phenomena  of  tlu  Drill  mn  first  observed,  they  were 
pond  to  Indicate  tin-  agsnoj  of  powerful  currents,  such  aseouii 
produced  only  by  the  most,  violent  and  m-tuntaneous  ootrmldoQa    A 
sudden  upheaval  of  the  ocean-bed  in  northern  regions  was  supposed  to 

mpitated  tin'  nw  upon  tho  land,  as  a  huge  wave  ofirarulati 
which  swept  from  uorth  toward  the  soull  Dg  death  and  rain  in 

its  course.     Hence  tin-  deposit  was  ofton  called   Diluvium  (deli) 
deposit).    .You;  however,  they  are  universally  ascribed  to  the  ngency  of 
ice  acting  slowly  through  great  periods  of  time.     Iienee  the  name 

dim -Kit  <;■ 

As  to  thi  r  in  which  the  ice  acted,  however,  opiuions  have 

been  more  or  !«--■«  divided, .- . .  1 1 1  ■  •  attributing  the  phenomena  to  the  agency 
of  laud-ice — glaciers — others  to  that  of  drifting  iceberg*.  According 
Ite  i>nr,  i!u!  land  during  this  epoch  was  greatly  raised  and  covered 
;  according  to  tho  other,  the  same  area  was  sunk  Several 
thousand  foot  and  swept  by  drifting  icebergs,  carried  southward  by  a 
rente,  and  dropping  their  load  of  earth  and  stones.  The  one  is  called 
the  glacier  theory,  the  other  the  iceberg  theory. 

It  is  probable  that  both  these  agoncic*  were  at  work,  either  at  the 

-  ..i  ■■      mi-  ■■!  L'i>ii-i.'i'titivL'lv :  but  the  decided  tendeaajoJ  ■denne  b 

toward  the  recognition  of  glaciers  u  the  principal  agent  during  this 

li  of  the  Quaternary.     Th.    more  the  phenomena  are 

I  icd,  and  the  more  glaciers  are  studied,  especially  in  polar  regions, 

larger  is  the  share  attributed  to  this  agency.     We  will   not  fill 

rthi>  n,  but  simply  give  the  present  condition  of  science  on  tho 

loot. 
Statement  of  the  most  Probable  View.— The  most  probable  view 
for  America,  and  also  for  other  countries,  is,  that  the  Drift,  or  at  least 
the  n  .tctoristie  phenomena  of  the  Drift,  viz.,  theffoaofon,  the 

/  bowlder -clay,  and  in  mauy  cases  also  the  great  traveled 
bmelder*,  are  due  to  tho  action  at  glaciers.  They  are  therefore  a  land- 
'Itposit,  and  not  a  sub-aqm  mi.-  For  general  proof  of  this,  let 

any  one  study  the  phenomeuu  of  living  glaciers,  in  tho  Alps  and  clse- 
«;  then  let  him  study  the  appearances  left  by  the  recently  dead 
ien  of  the  Sierra  J  and  then  let  him  study  tin-  phenomena  of  the 
Drift,  especially  the  stony  clay  and  tho  underlying  gladafa  &  iiirfucoa. 
It  will  be  impossible  for  him  to  come  to  any  other  conclusion  than  I 
the  same  agent  lias  been  at  work  in  all  them  In  •Ome  eases  still 
more  conclusive  evidence  i-  (bund  In  the  existence  of  distinct  terminal 
tnorui 

Objections  answered. — Many  objections  have  been  brought  against 
this  I  lob.  may  be  compendious!;  itated  M  follows:  1.  Iu  gh 
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regions.  Like  Switaetiandt  the  Himalaya-,  i  run  in 

iuwtinuj  but  the  Drift  was  Ml  wide  aroee,  in  a  gm 

-     I    :i  la  easily  accounted   for  b\ 

actiou  of  icebergs  carried  by  mariao  current*.     2.  The  agent  ol  the 
l>rift  seems  to  have  been  often  niunnaeneed  by  the  direction  of  va: 
and  ridges  even  of  oontiderabb  bug,  for  instance,  bowlders  arv 

curried  across  valleys  500  or  1,000  feet  deep,  and  lodged  as  high  u 
the  mountai:  on  the  other  side.    This  is  perfectly  co 

t  iooborgs  drifting  over  an  uneven  *< 
:st?nt  with  our  usual  "f  glacial  action.     :t.  The  greu' 

tanoe  eam'wl,  soi  one  hundred  miles  or  mora,  '  ely  what 

we  might  cspectof  icebergs,  but  difficult  i"  i>  (h  our  usual 

u.-iers.     4.  Alpine  glaciers  will  not  move  on  a  slope  of  lev 
than  $*  or  3°,  but  such  a  slop  I  several  bnndred  miles,  w 

produce  an  incrttiiblt  elevation  of  html.     A   slope  of  .' '     : 
would  produce  an  elevation  of  n  >  miles ! 

These  »ere  unanswerable  objections  so  long  as  our  i<leag  <• 
were  conhned  to  those  of  temperate  climates;  but  they  all  Bnd  thefa 
complete  answer  iu  the  phenomena  of  tha  polar  icesheei.    Qreenlai 

i>  milee  long  end  4<m  or  BOO  miles  vide.    This  whole  area  of  overs 
half-million  of  square-  miles  is  co  ieep  with 

Thb  iee-mantle  moves  en  nuus« seaward,  molding  itself  <• 
surface  inequalities  of  tho  country,  and  molding  that  surface  beneath 
itself,  producing  universal 

gtsoier*  at  it*  ma  In  nnlnrrfic  regions,  the  general  Irmeht 

(wu  still  more  extensive  and  thick.     Now,  it  is  to  such  an  ice-mauuV 
thai  tho  Drift  U  to  bo  ■eoribed,  Em  it  moves  irreapectiet  o/sntatler 
hya,  in  mm  gturral  direction  over  great  areas,  to  yrmt  rfisf sweat,  and 
f  only  1°  or  even  }9. 
Frofethto  Condition  of  Things  in  the  Eastern  part  of  the  Continent 
during  the  Glacial  Epoch.— The  continental   .  om- 

.<■,  culminated  during  this  time.     In  the  northern 
•ntiticnt  it  i>robably  reacbed  4,000  to  :i.<i<>">  foot  above  ita 
mi.    The  lb  was  at  least  as  far  ont  as  the  submerged 

•ueutal  margin,  and  all  the  coast  islands  of  this  purr  were  add. 
the  '  nee  of  this  is  found  in  deep  submarine  rhan- 

nek  oe?  the  mouths  of  all  tho  great  rivers,  such  as  the  St.  T>awrence, 
««n,  the  Delaware,  etc.,  cutting  through  the  submerged  conri- 
ital  tvrdcr,  ai  itly  formed  by  erosion  during  the  Tertiary. 

The  nu  i«/  oletatton  was  the  Canadian  Arohasan  highlands,  and  thence 
a«iw  teas  Kith  northward  and  southward,  but  undoubtedly  ex- 
«d  t»>  the  shores  of  the  Gnlf.     Coi  .nice, 

■*n.  Xirnre.  koL  si.  p.  310,  18SS. 
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and  pre:'  H.c-r.  the  whole  northern  part  of  the  continent 

was  with  a  general  ioo  ■hoot,  L0,000  f ■  ■» •  t  |]  Canada, 

8,000  feet  over  New  England,  and  thinning  southward.     From 

Archrean  area  as  a  radiant  tin-  foe  ma  I  motion 

southeastward,  southward,  and  xouthwc.itwiird  over  New  Knglnnd, 

i  Hindi,  Iowa,  and  Dakota*  regaxdleei  »f  all  hut  the  great- 
est :•  sweeping  over  the  m 
and  glaciating  the  whole  surface  in  its  course.     Northward  the  shool 
jwrhaps  extended  to  the  poles,  although  it  was  thickest  on  the  Ar- 
ehttan  axis;  for  there  an  eridenoej  of  a  northward  moTement  from 
this  axi*  in  some  places.     Its  eastward  limit  was  beyond  tlio  present 
const- line;  its  southern  limit  about  88"  to  Mf  north  latitude  (] 
081).    Even  farther  Bontfa,  btgh  mountain-ranges,  like  Um  I 
mountains,  were  ice-covered,  and  great  glaciers  streamed  down  their 
flanks  and  left   their  moraines  (Fig.  030).     .Along  tli.    \i  ■  RngfawH 
coast  poeatblj  the  lee-eheet  in  manyplaoei  Ran  into  the  aea  and  pro* 
duced  iceborga,  hut  whcrcvtT  the  limit  wat  on  land,  ej  in  the  interior 
i  f  the  continent  ami  in  Homo  places  even  on  ihc  eastern  00  uht- 
len  formed  a  terminal  moraine,  though  Chi                             /washed 
away  by  subsequent 

Terminal  Moraines  of  the  Ice-Sheet.—  We  have  already  soon  that  the 
limit  <>f  the  lee-eheet— where  tide  was  on  land — waa  probably  marked 
by  a  moraine.    Fragmenta  of  Bueh  a  mo  i  found  nlon- 

this  limit,  BSpei  tally  in  its  eastern  part.      B/« itWOtd  it  hat  been  nm.-ilv 
washed  away  hy  the  uing  from  tho  melting  and   rati 

ing  ice-sheet.     The  extreme  limit,   therefore,   in    most    pkoes  i- 
shown  by  the  preaenco  of  glaoiation.    In  one  way  or  another  it  may 
be  traced  throughout  its  whole  extent.    Its  most  northeastern  and 
found  at  Cape  t'od;  thence  it.  go  I  through  Cfantvoket, 

Martha's  Vineyard,  ami   La  1;   thencfi  throngh    8  \"ew 

Jersey,  NortluBwteru  Pennsylvania,  touching  thaaootbani  border  of  New 
York  ;  thenee  southwest  through  Ohio  to  the  I  )hlO  1;  n  north- 

(ollowa  to  the  Kiaaurippi ;  i  gfche  Mississippi 

it  follows  the  Missouri  on  its  south  ride, and  so  northwestward  through 
Montana  and  into  British  America.    This  may  be  called  tho  ice-. 

i-  reaching  this  extreme  limit.  -sheet  retreated   bo,  or 

probably  beyond,  the  Great  Lakes, ami  Hun  adtanetd  qpffftt,batBOtao 
far  as  before.     This  MOOTuI   and   m-  is  marked  hy  a 

rwy  distinct  and  nearly  eonHmiotu  moraine  of  irregular,  deeply-lobad 

;io.     In  it?  eastern  part  this  second  fc**anaef  amfwmm  is  oomoii 
with,  or  undUtinguishable  from,  tho  first  already  described.     But  in 
Ohio  the  two  moraine*  part  company;  the  second  moraine,  instead  of 
passing  southward  to  the  Ohio  Hirer,  sweeps  in  a  series  of  looping 
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o*  about  tho  Great  Lakes  awl  through  Iowa,  and  thence  northwest- 
ward on  the  north  side  of  tin  ■■  through  Dakota,  into  Y>\ 
kmedc*    Tim  dlnorarj  oi  this  moramoi  which  w«  own  ih  icily  to 
ChamU-rlin  uu'l  Bpham,  mu.-i  I...-  i-^ardid  as  a  coiuploto  demonatra- 
of  ill.:  existence  of  the  ice-sheet      In  the  map  {Fig.  931)  the 
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Fin.  «1  -Map  (hosing  th«  Kxtremo  Bonmtary  or  t  b4  I  <«c«nfl  IctHihMt  M-nlnf .  «nd 

llw  Outiluea  of  Laliu  Agualx. 

strong  line  ahows  the  extreme  limit  of  the  first  advance     edotti    lines 

tin-  moraine  formed  by  the  second  advance  of  the  ice-sheet.     Iu  its  last 
tviivut  many  jubordim  inos  were  loft  ono  behind  another, 

bate  raproaented  mainly  the  most  advanced. 

'I'hu.-i  we  hare  clear  evidence  of  a  second  glacial  and  an  iiiterplacial 
epoch.     That  this   inter-glacial  epoch   was  of  considerable    I 

wn  by  the  existence  of  n  forvst-bed  between  the  two 
(Newberry).    Again,  since  meltiug  and  retreat  of  the  Ico-aheet  d 
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reduce  flooding,  It  lie  tliul   thorn  worn  two  flooded  periods. 

<•  hare  doubtless  been  often  confounded  with  one  another. 

J  J.  Chatngl  '<■ 

During  the  Glacial  epoch,  as  just  seen,  ihe  wlmli-  northern  portion 
of  the  continent  was  elevau'il  l,ooo  jo  !i,000  feet  above  tin.-  present 
dittos  ;  the  northern  ice-sheet  had  advanced  southward  to  40°  latitude, 
wuli  oil  farther  southward  projections  favored  by  local  conditions; 
•  rigor  of  elim.iu-  prevailed  over  the  United  Stales  even  to 
the  shores  of  the  Gulf.  At  the  end  of  this  epoch  an  opjwsite  or  down- 
ward movement  of  hmd-surluee  over  the  same  region,  probiihly  in- 
creased by  the  weight  of  accumulating  ice,  commenced  and  continued 
until  u  'h'lorssion  of  500  to  l.ui  iel-»w  the  j.n  I  «i<  at- 

tained.   This  downward  movement  marks  tho  beginning  of  the  Chi 

As  a  necessary  consequence,  large  portions  of  the  now 
land  were  submerged;  it  was  therefore  a  time  of  inland  sent.    Another 
it,  or  at  least  to  nt,  was  a  moderation  of  the  climate,  a 

melting  of  the  glaciers,  and  a  final  retreat  of  the  ioe-flheat  northward. 
It  was  therefore  a  time  at  flooded  Utlcea  and  rivers.  Lastly,  over  these 
inland  seas  and  great  lakes  loosened  Illinium  of  ice  floated  as  icebergs. 
It  was  therefore  pre-eminently  a  time  of  ietbtrg  action. 

Evidences  of  Subsidence.—  The  ovidc-noea  of  tho  condition  of  li 
described  above  are  found   in  old  ^ci-nian/in.i,  old  hike-miiryinx,  old 
•,  and  oUlflvod-jil'iin  dej/'/sitit. 

1.  Sea-Margins-— Old  m  mTftlni.  containing  shells  and  ofhoi 
mains  of  living  ipei  lee,  are  bond  all  along  the  Northern  Atlantic  ooatt, 
becoming  higher  as  wo  paoi  nofthwamL  In  Bonthern  Han  England 
highest  beaches  are  10  to  50  feet;  about  Boston  they  are  75  to  100 
:  in  Maine  tiny  are  800  feet  and  upward;  on  the  Gulf  of  St.  Ijiw- 
rence  they  are  470  feat;  in  Labrador  1,500  feet  (Upham).  In  arctic 
regions  the;  arc  in  Home  placea  1,000  feet  (Da&a).    The  beaches  DM 

•d  up  both  sides  of  the  St.  LawrenOfl  River,  and  thence  around  Lake 
i  'hamplain,  where  the  highest  is  393  feet  above  tldfl  lereL*  DoOO  the 
beaches  about  Lake  Ohamplain  liave  been  found  abundance  of  marine 

Is.  and  also  the  skeloton  of  a  stranded  tchuh:  ,i  ly  there  was 

here  a  great  inland  sea  connected  with  tho  ocean  through  the  Gulf  of 

.  and  over  this  lealoebarga  must  have  flouted.   This  eon* 

•litiun  of  thinge  haa  given  name  to  the  epoch.     In  the  subsequent  re- 

atioo  of  tho  continent,  this  tali  tale  (us  it  must  have  been  at  0 
was  gradually  rinsed  out  and    freshened    by   river-water  discharged 
through  the  lake  and  into  the  St.  Uiwrcnce  Uiver,  as  already  explained 
on  a  previous  page  (p.  81.)     All  tho  crust-oscillations  characteristic  of 
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this  period  are  <U  ,alM>  along  the  .South  Allan  •  ulfeoait. 

Daring  tin-  esriy  Qaaternarj  (Glacial  epoob)  tin-  continental  c 
produced  torrential  curronta  which  Eormed  the  coarse  pebbl 
of  tin-  Golf  Slates,  mlled  Orangt  tand  by  Hilgard.    Daring  tin-  j» 
of  tntsidtnee,  tin'  r-oastnl  plains  were  again  eorered  by  the  sea,  an  ^ 
on  ras  again  at  tha  CaU-lina,    ]  vita  of  to  form  the 

ffond  IfoGee.     Finally,  from  tbia  subsided  oond 

land  rn-i'  to  its  present  level  daring  the  Ti  (T 
2.  Flooded  Lakes. — All  tin- ink'  region  affected  by  drill 

unmistakable  aTidencea  of  afar  inoro  m  and  higher  Modi 

of  the    waters  than  now  About  all  these  lakei  i-s  fouud  n 

. .--.;. .]i  ■  ■   or  oM   hike-margins.     The  b 

highest  water- level,  and  ia  til  .'  the  lower  ones  mark  *ne«*- 

sivo  stops  iii  ti  i  away  or  drying  away  of  the  watere. 

For  example,  about  Lake  Ontario  aoooeaaive  margin*  are  foui 

Oil  firt    above    the    present    lake. level  ;   aboot  Lake  Erie    Op    to 
:  about  Lake  .Superior,  up  to  :  and  similar  margin- 

fi mi nd   about     Lakes    .Mieliigan   and    Huron.      It  seems    not  impro 

that  the  n  treating  ice-front  aoted  as  a  barrier,  against  which  aeovjna* 
laiing  water  farmed  one  or  more  enormom  lakes,  over  which  fli 
leaberga  loosened  from  tha  Oanadlaa  ice-foot    Theae  Lakes  <1  r.i 

hward  into  l.lie  Ohio  and  M i--:--i[i|ii  until  the  barrier  WSJ 

by  the  liiuil  retreat  of  the  I  i     leek;  and  then  northeastward 
through  tiie  St.  Laarrenee. 

LakeAgassiz. — Another  great  glacial  lake  in  the  region  of 
Winnipeg*  probably  formed  in  the  same  way,  a  m  Ural  discovered  and 
figured  by  General  (then  Lieutenant)  Warren,  bat  recently  trace* 
with  Booareey  by  Dphem.    The  retreating  lee-fronl  lam. 

ahioh  the  waters  of  the  melting  iee-eheot,  I 
natural  drainage  of  this  region, accumulated  to  fi 

lensions-  .  than  all  tha  present  Great  Lakes  put  b 

tat  glacial  lake  drained  southward  through  the  afii 
the  MjaKJaaipnt     With  the  Bnal  retreat 

was  nveread, and  ita dwindled  remains— Lake  Winnipeg — drained, a* 
bow  northward,  into  Hudson  Bay.    The  outlines  of  this  ant 

bare  1 a  aerurately  mapped  h  still  pxi  ' 

it.  has  been  named   Lake  Agassis,  in  honor  of  ti  eliampion  al 

land-ice  n  thocousoof  the  Drift.    In  map,  Fig.  9 
outli  ii  from  Upham,  of  the  southern  portion  of  this  an 

lake.    It  has  been  traced  byTyrrell  IfJOto  ITO  miles  northward  in  I 
ada,*nud  more  recently  its  whole  outline  has  been  napped  by  rpham.* 


*  Bulletin  of  llio  Ainrriean  Oeo10{  y.  vol.  L,  p.  404. 

•  Qcoloelet]  Biuret  of  l'*nnda,  vol.  iv,  E.  ».  10,  18*0. 
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i>us  opoch  and  th«  <■ -d  this 

neen>  to  have  atar  atony  tin  omtineiU,  the  volley  of 

the    '■  t  coast*.     Hilgard  finds  sridonoi    in 

Omi  I' (posit,  uiul  in  tin-  thickness  of  tin.!  Bubaeqnenl  Gbamplain 

deposit,  of  mi  .-ii'Miiioii  .f  1 50  fa  i  abort!  Un  presanl  to  adeproe- 

«iou  of  460  feet  ((or  tl  maximum  elevation  of  the  (  hampluiu 

deposit  above  the  same  level),  or  an  oscillation  of  000  feet  in  Louisiana. 
The  submarine  channel  of  the  Mississippi,  recently  found  beyond  the 
limn.--,  of  the  delta  <\<  p  i*  m  even  inn.  ration  in  the 

Spencer)*    {farther  mirth  it  u  probablv  .-till  greater. 
3.  River  Terraces  and  Old  Flood-Plain  Deposits.— Nearly  all  the 
riven  in  the  eastern  portion  of  the  continent,  over  tin-  Drift  n-gion,  are 
bordered  with  Ugh  favosas,  which  have  been  out  wholly  oat  of  an  old 

d-plsin  depoail  belonging  to  the  Ghamplain  epooh>    In  fm.-i,  t , 
riven  show  tirat  an  el  ban  a  dopnnion,  and  Bnallv  a  partial  ro- 

■  elevation ;  in  other  words,  all  the  oscillations  of  the  Quau  rnarjf  period 
are  noorded  by  them. 

An  (MCanainatJOIl  oj   the  risers  north  of  the  fortieth  parallel  shows: 

.i  old   river  b*d  Car  deeper  ami  l-nwider  than  tin  '    This 

i' and  broad  river-bed  i.-  111  led  up,  often  several  hundred   feet   deep, 

<,J  ,   8.  Intn  ihisold  rivi  r ■■!  ipo  ■:  tin-  shrunken  stream 

is  again  cutting,  but  is  still  fur  above  the  bottom  of  the  old  river-bed. 

into  the  old  river-deposit  produces  bin  lis  and  terrace*  on 

It  IS  evident  that  the  great  river-bed  was  gouged  nut  (luring 

lute  Tertiary  and  early  (Mat  i;d  epoohs;  the  filling  up  book  -  ring 

the  Champlain,  ami  the  cutting  and  tamcing  daring  the  Terrace. 

i\.    Some  of  these  old  rivor»channaJft,  as,  far  example,  that  of  the 

Lawrence,  the  Hudson,  ud  the  Delaware*  may  be  kraood  fur  out  to 

sea,  to  the  Broken  borders  of  the  glacial  continent. 

J-'ii_'.  !•::•.'  i-  un  ideal  Beotfon  serosa  river-bed  in  the  Drift  ro) 
in  h  b  b  is  the  old  river-bed,  scooped  out  during  the  epoch  of  elc- 


Fio  08*.— lde»l  Swtion  »en>«  a  RIvit-IimI  in  nnf!  Ri-clra:  A  6  ft.  oM  ri>er-be*:  It.  «h»  t>rr»cni 

'  .  \tmm  u»niM«. 

dotted   line   repre-  i  bjghosl  lev*]  to  whirh  the 

riveivdeposit  Boonmulatad,  and  the  shaded  portion  thai  part  of  snob 
deposit  which  still  ••.•main-.    The  nppsz  tanaoas,  / /,  arc  of  course  the 
•wer  ones  being  made  us  the  Bhrnnken  stream  cut  deeper 
and  dw|K>r 
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These  phenomena  are  shown  in  all  the  river-hods  of  the  Drift  n 

•'.•iully  by  those  of  iln-     I  -pi  basin.     Bometi  DM 

race  or  blufl  • 
li.  .•ut  Hivur  is  a  good  example  of  r,  the  Missi- 

BtW  of  tlif  fi  inner. 

Tho  (■(iiiiK'.ti.  ut   Puver  l-  d  on  each  Bide  by  a  succession  of 

terraces  rising  one  above  and  beyond  the  other,  composed  "wholly  of 
Old  rivcr-dcpoMt.     Beyond  this,  of  i  ■  ut ry  look  •■!  dura- 

Trias  sandstone,  covered  mote  a 

it  ..m.Ii  side  by  us  pi  want  Hood- 
plain  deposit,  or  rivcr--v, rampa     Thi.-.  m  all  i),  extend* 

11   tliu  mouth  «-f  the  Ohio  B  if  thu  delta,  I 

of  500  nils  .  rail  ■■■•  width  of  80  mil 

il"i..l-|il:iin  deposik,  ifl  limited  on  tho  eastern  side  bj  bluffs  in  some 
place--  200   i"   l"1'  feet  hii/li.  Composed!  of  Ten  mry  strata,  capped 
an  oil  silt,  or  I,..*---,  -r><>  t<>  ;n  t.-.t  thiek,  mol  rhi 

by  a  yellow  loam,  which  extends  beyond   the  limits  uf  the    Lota 

layer  of  Orange  sand  separates  the  Loess  fr  Tertiary.    Pat 

I  the  i  ->'t  are  found  also  on  the  western  aide,  ih 

lag  that  tlm  old  flood- plain  exreinied  beyond  the  present  flood-; 
on  both  rides ;  bnfc  on  tho  iraai  side  It  b  loaHy  removed  by  sub- 

sequent erosion.     Also  similar  deposit.-,  often   of  great  extent,  form 
banks  on  each  side  of  nil  the  gnat  tribntariea  of  the  Miawmri] 
nenth  tht:  prfliMlf  ''"''•'•  Wamp^kposit  is  /-until,  by  borings,  a  deposit 
In  lunging,  like  the  Loess,  to  the  Champlain  epochs  hut  to  an  <  I 
period,  probably  an  estuary  di  posit,  and  called  by  Ililgard  "  fori  B 
."  varying  in  thiolcmw  from  thirty  feet  it  Uampbisto  several  fa 
drod  feet  in  the  delta.     Beneath  this  is  first  the  Orange  H 
the  Tertiary. 

All  these  facts  are  represented  In  the  ideal  section  «f  the  rffOI 
%  in  its  vicinity,  given  below,  constructed  fr the  invasttge* 
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tEooJ  of  Prof,  llilgard.     It  is  evident  that  a  great  trough  was  hollowed 
out  in  the  Tertiary  strata  during  the  late  Tertiary  and  aarrv  (Hi 

epoch,  fill  ii  I  with  deposit  to  tho  level  II  dti  ring  the  Champlain,  and 

partly  cut  out  dnriiiLr  ihi-  "l'«'i'r:ie<  . 
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flooded  condition  of  the  rtvrrx  (rial  bikes  was  partly 
the  depression  of  tin-  bund,  by  which  the  BM  entered  .; 
beds,  forming  BBtnariaej  partly  the  smaller  angle  of  slope  of  the  liven, 
by  reason  of  which  the  waters  in  their  lower  parte  ran  ofl  leei  rapidly, 
and  therefore  were  moro  swollen,  and  therefore  oho  da\  men 

sediment;  and  pertly  tho  greater  abundance  of  the  iratGr-eupply,  from 
wittlriwf  of  the  glaciers.    The  mud-suppK  also  eras  then  n  rj  -Teat, 
us  shown  by  the  immense  depo.-it,  und  also  by  the  cross-lamination  (p. 
171)  so  common  in  these  deposit*. 

Origin  of  the  L068S. — Over  large  areas  bordering  tho  Mississippi 
and  Its  tributaries,  and  donning  the  conspicuous  bluffs  of  these  ri. 
there  is  found  a  peculiar  dspoeit  of  very  line,  even-drained,  and  usually 
nnstratified  material,  rcmarkublo  for  forming  by  riveP-eroeJon  perpen- 
dicular walls — elthougli  soft  enough  tr)  In  tally 
destitute  of  organic  remains,  but  when  tin.-,  are  found  they  consist 
of  fresh-water  shelle,  and  especially  of  1  When  freeh-vatar 
shells  are  fonni  materia]  is  usually  obscurely  stratified.  Similar 
bluff  -materials  lire  found  bordering  nearly  all  the  European  rttl 
as  the  Bhine  and  Danube,  and  ia  thuru  called  I.</c«s,  and  referred  to  the 
Champlain  epoch. 

\  Knnewhot  similar  material,  however,  is  foil ml  also  spread  almost 
ily  over  wide  ureas  nearly  c, ,  pj  r  hm-.  especially  in  arid  region 
ug  no  obvious  connection  with  any  rivers.  tic 

ease  in  Northern  China,  where  ltichthnfon  finds  it  covering  thous: 

enure  miles, and  in  plnces  one  thousand  or  more  feet  thick.    Hosaell 
also  finds  a  sotm-  ratified  di  ovaring  BnnanaDy 

large  area*  of  the  i  and  BOnwUnUB  locally  Ballad  "  <ulolx.n 

There  has  been  nun  h  discussion  about  the  origin  of  these,  deposits. 
The  Loess  of  tho  Mississippi  and  its  Tributaries,  Off ofao the  Ktiro: 

re,  woe  probably  deposited  in  the  flooded  lakes  and  in  t 

!  waters  of  the  flooded   rivers  of  the  Chainplaiu  epoch.     It  is  poor 
in  fossils,  because  the  waters  were  ict-cuhl.     It  ;  tiffed,  because 

\  with  the  very  finely  triturated  material  left 
lie  retreating  ice-sheet. 

The  Loeeeof  Northern  China,  Kichthofen  think  \n  <h- 

jni.ut— i  c,  a  deposit  of  wind-home  dust  from  the  arid  regions  to  the 
northwest.*     The  nnstratified  superficial  soil  of  the  Basin  region,  I 
ndl  thinks,  is  due  partly  to  wind-borne  dust,  but  mainly  to  IWMMKUA 
— i.e.,  to  tbo  semidio.iiid,  creamy  mud  waahod  down  the  bare  slopes  by 
tins;  for  in  these  arid  regions,  although  ruin  is  n  sin 

v    The  mist i  •  !.  often  'ailed  Loess,  covering  the  h 


•  American  Journal  of  Sdunoc',  to5.  xiv,  p.  487.  1877. 
f  Rwacll,  Guuiugicnl  llanziai'.  vol.  ,i,  p.  280,  1880. 
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country  at  the  base  of  the  Alp*,  is  attributed  by  Sacco  to  ntiu-mwh  of 
bare  soil  recently  loft  bj  the  retreating  loo.* 

It  ia    probable,  therefore,  that  several   kinds  of  depoeit. 

arfioul  reeeml  tonfoanded  under  tin* conn 

of  Loess,  and  that  more  observation  U  necessary  to  clear  up  tbe  subject. 

III.  Zhrraa  Epoch. 

At  the  end  of  the  epoch  of  subsidence,  when  the  condition  of  sea 
lakes  and  riven  was  what  we  have  described,  there  soda 

inn',  sin  in  an  oppodte  direction,  by  which  the lands  wi  i 

brought  upward  to  theif  piaaant  condition    a  condition,  hovever,  far 
ted  Hum  during  the  Qlaeial  spoon. 

Evidences. —  L  Sea.— Tin;  ra»elevatSon  was  not  perfeotly  steady  and 
uniform,  hut  stopped,  from  time  to  tinie,  sufficiently  long  for  the  sea 
to  mako  distinct  beaches,  lielow  the  highest  bench,  which  marks  tbe 
madman)  depression  of  KheGhemplain  epoch,  and  whiofa  has  already 
l>een  described,  si-vct.i1  other  beaches  arc  traceable,  which  evidently 
murk  the  saoeessive  steps  of  re-elf  rattan, 

■•i.  Lakes.  -  ■Al-....  1 1  j.-  i.-  «•  f  ,->..■  i  i  i  ■  -it  i.f  the  land  would  bring  dan 
level  nf  the  tolas,  partly  l>\  change  of  climate  diminJ 
supply,  and  partly  hy  increasing  the  elope,  and  1 1  _•  -i 

ive  power,  of  the  disch  m,  and  thus  draiuiug  off  the  lake- 

mtera    This  is  well  shown  on  the  Canadian  lake*,  where,  in  addi 
to  the  highest  terrace, already  mentioned,  which  marks  the  highest 
fiood-level  of  the  Ohamplain  epoch,  are  found  several  lower  terraces, 
which  mark  the  successive  Btages  of  the  Subsequent  depression  of 
lake-surface.    These  distinctbeaeh.ee  would  seem  to  indicate  .that 
rati  of  draining  away  and  letting  down  of  the  water  was  not  uniform, 
hut  It  ktOI  aud  periods  of  less  rapidity. 

History  of  the  Great  Lakes.— The  origin  of  these  lake-basins  is  still 
donbtfnl    They  probably  did  not  exist  in  i  .  ry  period,  but  in 

their  ] i lace  was  a  great  depression  draining  northeastward.      During 
the  (Uncial  epoch  this  depressed  area  was  swept  out  and  perhnp-    i 
tiled  by  the  advancing  lee-sheet     The  irregular  gougirv  iee- 

sheet»and  especially  the  Erregnlar  choking  of  the  drainage  am 
iii  retreat, probably  gave  origin  to  the  lakes,     b 
tarty  ChamphUnytui  already  said,  they  wore  all  united  into  one  im- 
mense sheet  draining  southward    through    the  Ohio  and    Mi 
the  natural  drainage  northeastward  being  prevented  by  the  ice-foot 
i.  by  the  retreat  of  the  ice  northward,  and  the  aooonpaaying 

binental  elevation,  this  i lake  was  broken  np  into  several,  which 

found  an  outlet  eastward  through  the  Mohawk  and  Hudson 


-Ily,  by  further  retreat  of  the  ice-foot, 
drained  northeastward,  as  now,  through  the  St,  Lawrence  B 
•i.  Rivers.— it  ii  hardly necessary  to  say  that  the  re-elevatioa  would 
lay  bare  the  old  Hood  and  estuary  deposits  of  tlv               Mid  the  riven 
would  immediately  commence  on t tin^r  into  these  deposits,  fm ining  tor- 
races  and  bluff.-.,  in  number  and  height  depending  it; Ihedepti 

the  cutting.    Tin  h  hn*  made  nan]  ■.>{  these  terraces, 

tho  highest. of  c<>:  ig  the  ohlest.    The  Mississippi  has  apparently 

made  but.  oin\  hut  this  on.  bi^h  (Fig.  988).    The  highest  poinl 

of  thin  Obamplain  deposit,  according  to  Hilgard,  is  at  least  ISO  feet 
shove  tide  levol, ahowing  a  re-elevation  and  i>  cutting  to  thai  extent 

during  t li.-  'I'm. i. .  •  ji.h  h. 

History  of  the  Mississippi  River.— It  may  be  interesting  to  stop  a 
won;  ory  of  this  great  river.    Daring 

Grtti  .tin-  Ohm  probably  ran  into  the  embayment  of 

Gulf,  represented  in  Kig.  *.-'>. I  (p  4TO);  but  the  Mississippi  probably 

i-t.     The  draiuage  of  all  that  part  of  the  continent  was, 

doubtbx  i  great  interior  Cretaoeoufl  sen.    At  the  begiiminj 

the  Tertiary  period,  the  sBasiksippI  probably  commetieed  "»  run  into 
the  Tertiary  etnbayment,  Bhomi  in  Kg.  M-l  (i>.  506).    The  lied  and 

.  were  not  tributaries,  but  separate  rivere, 
:    into   the   winie  embnyment.      The  Ohio  was  almost,  if  not 

quite,  a  asperate  liver  also.    During  the  earlj  Qladalipocktthavhc&A 

embayment  of  the  Gulf  was  abolished  by  elevation.    Tl  learly 

i   pebbl   I  iigc  sund).  an.; 

the  itamp-layei  (oW  foreefrground),  found  by  Hilgard  beneath  the 

PoH  Hudson  (Champlain)  deposit,  on  the  shores  of  the  Oulf.     During 
/■pork,  by  reaaon  of  this  elevation,  the  gr-  a,  represented 

in  T  *ai  scooped   out  of  tbfl  Tertiary  strafe,  300  to 

deep,  bj  the  •  of  water,  favored  by  the  greater  slope  of  the 

iward  at  that  time,  and  also  by  the  greater  water-supply. 

Dnring  the  -  epochs  by  rabeidenoe  thii  greal  became 

an  arm  of  the  Gulf,  <>r  an  eatnary,  fifty  '■>  one  bnndred  miles  wide,  and 
reacliin;.*  up  to  the  month  of  the  Ohio,  with  extenakma  up  the  tribu- 
taries; ai  eame  filled,  800  to  500  feet  deep,  with  sadi* 

it  first  astaarian  (Tort  llm       i)     md  after- 
ward  river-silt  (Loess).    At  tlie  same  Ippi  *SI  l 

Lakes,  then  greatly  enlarged,  and  with   Lake 

Winnipeg,  than  also  greatly  enlarged,  as  Lake  Agassiw     During  the 

Terra.-,-  gpodb,  this  sill  was  laid  bare, and  the  river  commenced  and 

until  the  bluffa  beoame  MO  to  400  feet  high.    Finally, 

I  spocft,  the  river  has  again  commenced  huiUling  up 

by  sedimentation,  showing  thus  a  slight  depression  again,  or  at  I 

a  cessation,  of  the  re-elevation  of  the  Terrace  epoch.    This  njy-luiilding 

SJ 
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by  sedimentation  has  continued  up  t<>  the  prea  ni   moment,  nn<l  1 1 n- 

•  i-it    (river-swamp   and    delta    deposit)  has    reached,  g   to 

BLilgard,  a  thickness  of  iif ty  to  a  handled  foot.     Thai  the  i 

oe  of  the  Mississippi  distinotly  separate  the  Terrace  from  U" 

,■>■:.!   Op  .1 

try  Period  on  tfir  Wrstrni  Side  of  the  Canti. 

All  the  most  ohajvoteristic  phenomena  of  this  period,  such  as  old 
general  glaciatUm,  fioodtd  tabs,  and  o  -fads,  are 

abundant  and  oonspionous  on  the  western  aide  of  the  oontm< 
it  is  impossible  to  synchronize  perfectly  these  phoii'  fioae 

already  described  on  the  aaatani  si  I  be  beat  to  taki?  them  in  the 

order  named  abore  mid  inu-c  c.-u-li  kind  through  the  whole  period. 

1.  Sea- — The  phenomena  along  the  sea-coast  show  I 
:irnl  1 1 . ■  j  i-i  --- i« -ii.    A  moro  elevated  eonditioo  than  the 
by  ill"  bold,  rooky  coast  ami  high  island  standing  s  little  an 
coast.    The  islands  afi  the  ooaei  of  the  southern  pari  of  i  lalifornia,  and 
separated  from  the  mainland  by  the  .Santa  Barbara  Channel,  are 
dently  continental  Wands.    They  were  undoubtedly  a  part  of  tlio  con- 
tinent daring  the  lata  Tertiary  and  early  Quaternary  times,  ■ 
separated  subsequently by  refaeidonc         da  is  cleari  j  bytheif 

ilura.1*  and  especially  hy  the  remains  of  the  BCammotb  on  one  of  then 
— Santa  Hosa.f     Another  rery  striking  proof  of  continental  den 
is  found  on  this,  us  on  the  Eastern  coast,  in  the  aii  of  deep  «b- 

tnariflB  ohannala  entting  through  the  submerged  con 
and  evidently  produoed  bj  subaSria]  erosion  during  lab  '."■ 
I  .mi  indebted  bo  Prof.  Davidson  for  facte,  yet  nnpubl  uing 

There  are  about  twenty  of  these  off  the  Californi  nine 

or  ten  of  whioh  are  very  marked.    Commencing  al 
and  erd,  four  very  deep  ones  are  found  in  ■; 

v.rv  marked,  in  the  Bey  of  Monterey,  one  ia  Garmel  Bay,  on 

L-rn  i  ntni  i  ira  (  kmnel,  two  in 

oiea,  and  one  off  the  harbor  of  Sao  Diego     i  iii 

previous  elevation  of  '•.'.'■on  i,,  :$.<ioo  fed.     lint  there  is  one  peculiarity 

•  >f  these  as  com  pared  with  those  on  the  Eastern  coast,  ris.,  that  they 

do  not,  in  anj  evident  way,  correspond  to  the  months  of  the  present 

river*,  hut,  on  the  contrary,  often  abut  against  a  bold  »  ii»to 

3,000  feet  within  three  miles  of  shore.  I  nation  of  this  diffur- 

enee  is  found    in   the  enormous  orographic  changes  wfa  ;rred 

on  this  coast  in  early  Quaternary  times.     Of  this  we  will  speak  again. 


•  American  Journal  of  Setae*,  fol  ttxiv,  p.  ^"7,  1H«7. 

t  FroccctiUigii  of  the  California  Acadsmj  of  Sinn.-//.  nL  <,  p.  162.    TV  trrowm  •/ 
two  more  olcphnnt*  were  found  uu  Santa  Kowt,  in  October,  1BJO,  by  3lr.  C.  D.  Vot. 
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BobMq06Bt  sn//*i/tence  find  iMirtiul  re-elevutimi  arc  still   more  ■ 

lv  shown  bv  nind  awMiiaigina.  Daring  tiria  period  of  subsidence 
(Ohamplain),thQ  Boyd  Ban  Franolsoo  covered  nil  the  flat  lauds  ahmu 

1 1n- bay,  and  all  the  valley  munitions  of   tin-  buy,  north  nn«l   smith, 

such  as  Sonoma  and  Naja  Valleys  on  the  north  and  Santa  Clara  Vid- 

Milli.      Also  the  BOH  tln-n  ]i;i-:-'il   &rODgfa  ill.    Mrait  OJ  • 
qoinea  and  covered  the  whole  San  Joaquin  and  Bai  mm  nto  plains, 
forming- a  grot  inter  100  miles  long  end  BO  mile*  wide.    The 

rgfau  of  tbia  sea  are  still  visible  in  the  upper  Bacramento  Valley. 
At  t  time  theeei  entered  the  Columbia  River  ninl  spr, 

the  Wfllemette  Valley,  Conning  a  great  sound,  ami  passed  up  to,  and 

Iblj  beyond,  the  Cascades.    About  Paget  Sound  similar  evidences 

of  former  extension  are  plain,  especially  ut  the  southern  end  ;  while  in 

.  ;h  Columbia  Dawson  finds  old  BBB-margf&i  op  to  9,000 
3,000  feet  above  the  preaei  ret.     Doting  the  Terrace  period,  tin 

const-line -was  re-elevated  to  its  present  level,  learinj  •  <•  lower 

terraceawhii.ii  are  oonsptottou  in  Borne  places.  Lake  Tulare  ia  a  retn- 
nant  of  the  interior  Ban  Joaquin  Bea,  although  It  was  probably  first 
freshened  by  an  outlet  into  tin.-  >au  .Tuaipiin  RivBr,ead  again  sailed  by 
loss  of  its  outlet. 

I.  Ice.— We  have  already  (p.  985)  spoken  of  n  great  el 
ia  Itange,  which  oeonrred  ut  the  beginning  of  the  Quaternary. 
in-lifting  doubtless  contributed  to  the  development  of  gla> 

rial  phenomena  at  thta  lime,  bnl  mnsl  not  be  i-mifmmded  with  the 
general  continental  elevation  which  took  place  at  the  same  time,  as 
shown  by  the  tee-margin  phenomena. 

Dut  fullness  of   ,■'.  ii  'uil  times — M  shown    by    Dawson* — a 

continental  ice-sheet  •  v  the  whole  of  British  Columbia, 

Northwest  Tei  ritorj  ,end  \  lass  i.  oonnacting  in  bigh  latitudes'  with  tho 

i.    'I'b. '  radial  movement  was  a  high  area  ex. 

tending1  from  N  '  to  ■>'■*'  north  latitude.     From  this  area  the  ice  moved 
•  hwnrd,  aonthwi  westward,  and  even  north'.  South- 

ward  ii  certainly  reached  beyond  4-s0.    Westward  it  flowed  over  the 
,  filled  th  in--,  rabmerged  ag  the  great 

coa.-t  '".in  the  mainland,  flowed  ova*  Iran  into 

the  sea  beyond. 

At  the  aame  time  it  ia  certain  that  the  Sierra)  was  completely 

mantled  with  snow;  and  great  .some  of  them  4<>  to  00  D 

long  filled  all  the  profon  trend  ii  At  the 

time  ;il-o  there  i-  tome  it     laGotal  kaiigee, 


•  G*olo?lc*l  M«gada».  vol.  v,  p.  S47,  1S88. 

f  For  ■  fuller  lOOOtrot  of  the  frlaciom  <•(  the  Sierra,  and  the  condition  nf  thinp»  florin- 

...  .Ii.iimi  .1  ..!  s..Uiice,  rol.  iii,  p.  5135,  nii'i  • -I    I    |..  SS. 
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favored  by  proximity  to  tho  sea,  had  their  |    rpetoal  snow-cap  from 

!:■■  ion  filling  the  priodpi]  ralhgra.* 

iinpucsibk  to  describe  all  tie  ra  whose 

tntOa  hare  been  trueod.    They  filled  all  the  larger  caOonar  und  their 

bribateriM  all  tlv  smaller   valleys  ami    meadows.     Their 

:■.,<■  r\ ,  ■]■;,  »  !:nv  marked  by  glaeiatiou  und  strewed  bowlders. 
their  terminus  ai  different  times  byasn  (4  terminal  moraines 

Mid  1 ; * k « ■  I •  •  t - .      BTl  "ill  mention  three  "r  four 

poken  ••(.  I  great  nig  tributaries 

from  Mount  Hoffman,  Cathedral  Peaks,  Moanl  Ly  ell,  and  lark 

Jatfev,  aud  passed  down  Merced  Canon.    Tho 

are    el.ar    everywhere.    In:  I    88] tally  in    the    Upper   valleys. 

uli.'iv  i  In'  ii'e-ai'tinii  lingered  longest 

b.  At  the  tame  time  tributaries  I  rant  liana.  Itooi   Past 

Mount.  l.vi'U,  mat  at  the  Tuolumne  meadow*  to  form  an  immi 
riaoier,  which, 01  i;:i  little  below  Soda  Springs, 

a  brunch  down  the  Tenaya  Oaflon  to  Join  the  SToeeniite  glacier,  « 

thr  mum  ourroni  Bowed  mi  down  tho  ]  -ugh 

Hdtchhetohy  YaQej.      Knobs  of  grrmito,  500  to800  f.Ht  fa 

111  its  pathway,  wore  enveloped  and  •: ,  and  are  now  left  ran ml. 

and  jioii.-iHii.  and  scored,  to  tin-  most  perfect  manner.    Tin-  gi 
was  at  least  forty  miles  long  and  I.1  hick  at  Soda  Spring  for  its 

attended  lateral  moraine  may  ho  traced  so  high  all 
bounding  mountain,  und  8^00  thiek  farther  down,  for  it  tilled  II 

In  H  in-  Valley  to  the  brinL 

I  be  Sierra  range  On  itl  westara  side  fIojjos  gradually  for  fifty  •r 
-sixty  miles;  but  on  the  eastern  side  it  is  very  precipitous,  so 
pliiins  5,000  to  7,000   fuel  below   the  orast  are  rcaoln  I  in  four  oi 
miles.    In  ghf-iai  times  long  and  complicated  glaciers  with 
taries  occupied  tho  western  dope,  while  on  1 1. o  eastern  slope  innumer> 
able  short,  Kimpli'  i  parallel  streams  down  tho  sleep  in* 

oliiu ■  and  out  for  several  miles  on  the  level  plain, or  even into  the  waters 
oi  Lake  Mono     One  of  tho  largest  of  these  took  it-  : he  snow- 

Helds  about  Mono  Pass,  flowed  down  ;  ion,  and au  to  seven 

n i ilea  out  on  the  plain,  and  evidently  into  the  oaten  of  Lake  Mono, 
which  was  then  far  more  extensive  and  higher  than  now.  Parallel  mo- 
mines,  800  feat  high,  formed  by  the  dropping  of  glacial  ittbri*  on  each 
side  of  t.l  ague,  us  it  ran  out  on  the  plain  or  on  the  bottom  of 

the  shallow  lake,  are  very  oonspicnou.-,  a-  are  also  the  successive  ttr- 
mxnai  moraines  left  in  tin  at.     Behind  these  moraine* 

water  has  aooumulated,  forming  lakelets. 
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d.  Many  glacier.*,  whoM  tracks  are  Ktill  em-':'  that  time 

ran  dowu  the  steep  mountain-slope  into  Lake  Tahoe.  The  most  con- 
spicuous of  these  arc  three  at  the  southern  end,  win.di,  is-aiing  from  as 

many  cations,  ran  out  on  the  ir.i!  plain  Qtn rfovri  > tbc 

swollen  waters  of  tin-  luke  to  form  icebergs.  The  beautiful  lakelets  and 
tho  lake-like  bay  whic-h  form  so  conspicuous  a  feature  of  i  v  of 

the  southern  end  of  tho  great  lake,  were  partly  aoooped  Ottl  hy  these 
steeply  dv.»i  >  ndiiu  glane?>,  iml  |».t r 1 1  v  dammed  by  the  debris  left  when 
they  retired  ;  initl  the  long,  parallel  ridges  of  riirth  and  bowlders  bor- 
dering the  lakelets  atvi  a  to  the  shores  of  tho  great  lake, 
are  lateral  moraines  dropped  on  cm  Ml  the  glaciers  ran  out  into 
the  lake*  (Fig.  DM). 

During  the  Tirnur  epoch  all  these  glaoiera  of  tho  Sierra  retreated, 
leaving  very  distinct  terminal  moraines,  where  they  rested  awhile,  be- 


N 
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Fl«.  934,— Bl»g7mm  of  M"r»lni*  at  Itio  Southern  End  of  Lake  Tahoc  :  «,  Fallen-Lotf  Lake :  *,  Cae- 
cad*  1-ake  ;  t,  Kiu»i«iil  Bajr. 

I  which,  drainage-waters  accumulating,  have  formed  beautiful  liule 
lakes.     Thus  they  havo  gone  backward  and  upward,  until  t 
now  mostly  retired    within    the   snow-li.-lils    which   gave  them    birth. 


•  American  Journal  of  Scione*.  toI.  x,  p.  128,  1875. 
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T!  fcoblc  remains  of  some  may  still  be  found  hidden  away  among  the 
wiolpHt  undanadieet  bollowi  -if  i h.-  highest  nunmj 

Lakes. — A  period  of  Hulk  led  lakes,  marked  bj  successive  terrace* 
about  tho  present  lakes,  is  well  shown,  especially  in  the  Basin  region. 
The  period  of  the  flooded  lakes  in  this  rogiou  soema  to  haver 
sponded  with  the  I  FlaoU  epueh,  for  the  great  glaeiers  ran  into  some  of 
tlieui. 

About  Lake  tfonc  there  are  five  or  six  very  distinct  terrace 
highest  being  aboi  *t  above  the  present,  water-level.     Evidently 

at  thnt  time   the  water  washed  against   the  Steep  slope  i»f  tho  Sierra, 
and  many  of  tho  glaciers  in  this  region  rati  into  id     About  .<alt  Lalte, 
several  terraces  en  verj  oonspioiioQs,tbe  highest  being  about  i,oou  f«»t 
above  the  present  lake-loveL    Traced  oat  by  this  highest  level, 
line  of  the  lako  Ci  uit  enormous  area.     Similarly  about  all  the 

saline  hikes  of  the  Nevada  basin  temeea  have  been  traced  up  to  more 
than  600  feet  above  the  potent  level.  In  general  terms,  we  may  say 
thai  the  Basin  region  at  thnt  time  was  occupied  by  two  great  lakes: 
tho  one  filling  the  Utah  basin,  tho  other  the  basin,  the  eastern 

shore  of  the  one  washed  against  tho  Wahsatch,  tho  western  sho: 


Fia.  an.— Map<if  ll»-  QaaCtraaiJ  Lakn  BonDcrllla  iind  Lahnnlan  i «fwr  Gilbert  ao4  Hnwli 

(toother  tgainsi  the  sierra.    Th  r  has  been  aconratelv  n 

by  Gilbert  end   called    I»ako  BonncriUe — the  latter,  also  accurately 
mapped  by  King  end  Russell,  and  called  Lake  Lahtmtan,  in  h 
ill  see  early  explorers.     Lake  Bonneville  when  at  its  1,0X10- feet  ! 
emptied  northward  iuto  the  Snake  and  Columbia  Rivers.     It  eroded  its 
outlet  down  to  the  000-feet  level;  there  lost  its  outlet  and  dried  awi 
its  present  condition.     Lako  Lahontan  when  at  its  600-feet  level,  bad 
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acompli  ■■i']ily-ili...spcWi   ■mlliiu',  with  Qui   numerous  mouiii 

ridges  of  Lhe  H;imii  region  forming  high  ialanda  ami  pMimontories.  Bo 
far  as  known,  it  had  no  outlet.  As  the  Quaternary  period  pined  awnj', 
these  groat  lakes  dried  away  more  and  nan  The  raddnei  oi  the  ana 
are<>  dt  Lake,  CTtafa  l..ikr,  and  Berier  Lake;  d  th  otheri  P 

mid,  \\  imiriiiu. .  :i.  Humboldt,  Carson,  Walker,  and  Sodj  Lakea    If  in 
tin    K:i  i,  the  Quaternary  lakes  mostly  drained  away,  in  the  Wail  fltay 
ilv  <7n>//  away  to  their  present  comlitinn.     The  map  (Fig.  !'3.r>) 
give,  i  two  gntt  lakes  and  their  present  n 

- «tli  <-i  those  great  laki  ng  to  Qilbert  and  BoBE 

abandanl  afidanoai  of  two  flooded  pariodi  separated  by  :i  period 
of  complete  deetocation,  Jf  the  flooded  periods  correspond  with  peri- 
ods of  great  development  of  tho  ice-shoot,  as  scorns  probable,  we  bars 
horo  also — as  in  the  eastern  part  of  the  continent — two  I  Haolal  ]>"riodB 
•operated  by  an  interglaciaL 

River-Beds. — Old  river-beds  arc  found  in  many  countries,  and  es- 
pecially in  the  Drift  rtgtOB  of  the  Beaten  portion  of  our  continent 
(p.  007),  lint  thoaa  of  California  ure  peculiar.  In  the  East  and  else- 
where, the  Tertiary  rivar-bada  are  in  the  asm  places,  bat  eefov  (ha 
present  river-beds;  in  California  they  are  fur  above, and  in  many  cases 


Fw,  W,  —Map  of  *  portion  of  thr  Rogfnn  of  tho  D«n>  Plottr*  of  thr  Tob»  RItct:  The  bli<k,  l»r»- 
Dui»;  the  Jul  toil  «|itrr«.  Itmvrl  inflcr  W  li  H 

afferent  placet — i.  e.,  the  riven*  have  been  displnral  from  their 
former  beds  and  out  much  deeper.    In  nap  (Kig.  930)  we  give  a  portion 


KtO.  08?.— Section  along  the  I.lno,  north  mil  nontli:  r"  r\  ulil  rl«er-be<l»:  r  r,  prcarot  rirt  r-lwd*;  L, 

Klti  it,  aJit*. 

:in-  ;  of  old  liiva-flows  on   the  dlvidl  '.la'  deep  river- 

channels.    Beneath  these  lavas  there  are  rivcr-gru  !>eneath  these 

tr.nigh-ehftpod  river-beds,  wit  b  their  smoothly  and  variously  eroded 
rock.    The  section  shows,  moreover,  that  the  present  rivers  have  eom- 
menoed  their  beds  on  the  old  divides  (shown  by  dotted  Hi  have 

cut  much  deeper,  leaving  the  old  beds  high  up  on  the  present  d in  idee. 

Such  are  the  facts     The  history  of  the  process  is 
At  the  end  of  the  Tertiary  them  was  an  outburst  of  luvu  near  the  a 
of  th  .*    The  lava  flowed  down  the  river-beds,  filled  then  up, 

and  displaced  the  rivers.    These  Immediately  commenced  cutting  oeff 
beds  on  the  alif  divii/pit,  beOBOM  the  lava  was  thinner  or  absent  tht 
Now,  eoincidentij  with  tho  lava-flow,  there  was  an 

'V  tilting  of  thr  Surra  crutt-llock  (p.  30.1),  and  Uteri 
inocoase  at  the  Siena  slope.    Booh  tilting  was  attended  with  enors 
displaoement  or  fuultiug  on  tho  eastern  Bide,  as  already   aiplal 
On  account  of   the   Inoroaaod    slope,  the  rivers  seeking  their  base* 
level  cut  dowu  far  below  their  previous  k-veL    This  increase  of  slope 
|s  shown,  if  possible,  Still    morn  plainly,  in  some  of  the  rivers  of 
sonthern   part  of  the  State,  beyond    the  limits  of  the  lava-How.      I 
also  the  tilting  and  the  inoreaead   slope  took  place,  but  the  rivers  were 


* 


Ft*.  BBS.— Mtml  RcctluD  arnum  a  RivMbwl  I  g  s.  ,i,i  bam  California  beyond  Ita  RVjjIou  of  la*  Law- 

flow. 

not  displaced.    They,  therefore,  retained  their  beds,  but  deepened  | 
channels,  leaving  tho  old  ri ver- gravel n  high  up  00  their  sides  (Fig.  938). 


*  Tht  great  lara-floodinc  of  the  Tertiary  commenced  probably  it  tho  ei>i  of  I 
out,  and  cuniinued  through  the  Pliocene.     These  flows,  la  California,  item  to  have  been 
the  last. 
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This  elevation  of  the  Sierra  took  place  at  the  end  of  the  Tertiary  or 
beginning  of  Mm  Quaternary,  and  doubtless  contributed  greatly  to  the 
severity  of  the  glaeiation  in  California,  bat  mast  not  be  confounded 
with  the  northern  continental  movement,  which  occurred  about  the 
same  time,  and  wua  far  nin  rm'm'mg getifral  glaciatbm. 

Coininl' ut  .Mth  .  n»n  by  block-tilting.ua  already  ii- 

plained  (p.  356),  similar  orognnio  movements  took  place  Bsabl 

region.  Thns  it  is  seen  that  tin-  river-beds  of  California  ahov,  not  con- 
tineuUil  cm  Hi-oscillations  like  those  of  lie.-  Beit,  but.  mountain-making 
by  aroflfc-block-tilting. 

Wo  have  seen  th.u  the  submarine  channels  of  Dm  <  Isiifbrnia  coast 
differ  from  those  of  the  Bastern  coast,  in  that  they  are  not  coniiiiuoni 
with  the  present  subaerial  river-channels.    ?  itoo  just  seen  that 

the  river-beds  of  the  Sierra  differ  from  those  on  the  Eastern  coast,  in 
that  they  have  been  displaced  from  their  old  positions,  and  have  cut 
much  deeper.  Now,  the  reason  of  this  difference  is  probably  the  same 
iu  the  two  oases,  vis.,  recent  orogenic  changes.    We.  bow  scon  that  the 

Sierra  took  its  present  term  and  height  at  the  beginning  of  the  Qua- 
ternary. It  is  probable  that  great  nrngenic  changes  occurred  at  the 
same  time  in  the  Coast  Range  also.  In  both  cases,  too,  the  orogeny  was 
attended  with  Hoods  of  lava.  Much  of  the  lava,  and  presumably  many 
of  the  ridges  of  tho  Coast  Range,  wore  formed  at  that  time.  By  these 
changes  the  mouths  of  the  riven  were  changed  from  their  to  tf  inal places. 

History  of  the  Sierra  Range. — This  range  was  born  oat  of  tho,  ooosn 
by  horisontsl  crushing  aud  bulging,  as  already  explained  (p.  252),  at 
the  end  of  the  Jurassic.  During  the  whole  Cretaccoui  and  Tertiary  it 
was  subjected  to  erosion,  until  by  the  end  of  thut  time  tho  rivers  had 

•lied  their  base-lovely  and  the  range  was  rodnosd  to  v.-rv  moderate 
taught.  The  oreet  wa-  ih  ii  about  the  region  of  the  Yost-mite,  for  the 
erosion  into  the  granite  ia  deeposl  shoo!  that  region.  Then  came, at 
tho  end  of  the  Tertiary  and  beginning  of  the  Qoatarnary,  the  tilting  of 

tho  Sierra  earth-block,  the  formation  of  the  great  fault-cliff,  and  the 
transference  of  the  crest  to  the  extreme  eastern  side ;  the  outpouring 
of  the  lava;  the  displacement  of  the  rivers;  aud  the  cutting  of  the  new 
river-beds.  By  this  great  movement,  the  already  ohl  Sierra  was  re- 
juvenated, ami  entered  upon  a  new  ojole  of  changes  by  erosion,  which 
is  still  progressing. 

The  Quaternary  Period  in  Europe. 

In  Europe  the  phenomena  were  more  irregular,  the  oscillations 
more  numerous,  and  porhapa  more  local,  than  in  America.  This  is  in 
accordance  with  the  general  difference  in  tho  geological  history  of  the 
two  continents.  Nevertheless,  the  general  character  of  tho  phenomena 
was  similar  in  the  two  countries. 
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!■  Epoch  of  Elevation— Glacial   Epoch.— During  the   Early  Qua- 
ternary tin-  whole  of  Northern  Europe  m 

l.iHio  to  1,500  teal  end  ■hooted  with  ice.     The  coutimmtul  imirgin  ww 
considerably  farther  west  than  now,  especially  in  the  region  of  the 
British  Isles,  which  wen  then  ■  part  of  the  e  i 
no  Haltitr  ami  North  Sea.    The  area  of  highest  elevation  and  of 
ice,  and  therefore  of  radial  movement,  mi 

From  this  area  the  :■  :  1  into  th.-  Atlantic,  as  fnr 

at  least  as  the  line  if  lou  fathoms;  southwestward  OTOT  the 
Idles,  southward  over  the  beds  of  the  Baltic  and  North  Seas  and  into 
Northern  Ctarna&y  a3  far  as  tho  frontiora  of  Bohemia;  and  boh 


Tin  8Ml-M«|i  of  Outline  of  Coast  of  Wcatern  Enmpe.  If  *l«r»t*l  BtO  r««t  (4ft«  Lt»BX 

eastward  and  eastward  over  Russia  as  far  as  Moscow,  glaciating  the 
whole  surface  in  its  course     The  southern  bouudar,  ice-sheet 
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ha*  been  traced.    It  passed   through  Cornwall,  across  Dover  Strait, 
Germany  and  Southern  Bueaia  to  the  I  "ml  Moonl 

following  nearly  the  ."»0th  pitrallcl  of  latitude.      In  I' 'i.  give  the 

outline  of  Western  Europe  if  raised  mily  BOO  feet.  The  elevation  wus 
much  mure 

time,  the  whole  Alpine  region  of  Middle  Bm-op 
though  beyond  the  limits  of  the  ice-shoot,  was  mantled  with  mow  to  :» 
degree  much  greater  tlmn  at  present,  and  developed  glaoien  on  a  pro- 
digious scale.     Borne  of  these  have  been  traced  out  with  great  care  and 
skill.    Especially  has  this  been  done  for  tint  grant  BMm  fl 
(in-,  earn  recently  by  Havre.    At  that  time  *  ijreat  glacier  came 

down  the  valley  oi  the  Rhone,  emerged  on  the  plains,  and  filled  the 

whole  valley  of  S »vit /n-rl.-i ml,  fifty  miles  wide,  between  the  Alps  and  tlie 
Jura,  forming  a  great  mer  de  glace  50  miles  wide,  150  miles  long,  and 
4,000  to  5,000*  feet  deep,    A  figure  is  given  below  of  this  ier. 

The  dotted  lines  show  the  direction  of  motion  as  determined  by 
bowlders  left  in  the  valley  or  stranded  high  upon  the  slopes  of  the 
Jam 


VlB.  MO— M»p»howllut  the  Outline  and  Conr-« 

..:«  of  Hip  (,mt  lUioue  (i lacier  i.atlvr 


Flo.  *H  —Map  «b'  •  «  «s- 

llpalBIO  Uie  l'laiiia  of  Uia 
P..  i.«ll.r  I J 


Lalc>  a  and  Nenfehatei  were  idled  and  their  bottoms  scoured 

by  this  greet  glacier. 

\i  the  same  time,  also,  on  the  southern  dopes  of  the  Alps,  long 
on  the  plaine  of  Iiomba  m  by  the  pro- 

digious piles  of  dibru  (ni<ir:iines)  still  left.     Bom  ol  these  moraines 
ei  high,     Pig.  935  is  a  map  of  these  lines  of  debris. 


Archirca  des  Socuoca,  to).  Iviii,  p.  100,  1877,  and  rol.  ill,  p.  22S,  1880. 
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ences  of  glaciers  of  thu  time  are  also  found  in  the  YosgQB,  in 
the  PyiBiaeflB,  Bad  Other  high  mountains  of  Central  Europe. 

During  this  time  also  Europe  wag  probably  connected  with  Africa 
by  one  or  doom  highways,  fcatoagh  the  Meditorrari< 

In   Europe,  BB  in  America,  there  are  evidences  of  :.  BTJ  re- 

treat and  rcadruueeot  tin-   I        QBfil — i.  e.,  of  two  glacial  and 
I  periodi 
.'    Epoch,  of  Subsidence— Champlain. — Following  the  epoch  of  ele- 
vation was  an  epoch  of  subsidence,  during  which  the  game  regions  which 


7io.  M3.-Mnp  of  the  Brltlah  Ielct  and  Xonray.  If  rnbtfdi'4  1,»0  to  S."X»  F«l  (after  Lyefl).    Th« 
lowei  Aadtd  pa  to  icMI  &j  Drtft. 

'  >re  most  elevated  iow  most  depressed.     It  i«  believed 

tli.it  in  Scotland  the  land  was  at  least  8,000  feel  befow  the  prtstnt 
level  By  thin  depression  a  great  part  of  Northern  Europe  wua  sub- 
merged, and  Great  Britain  was  reduced  to  aa  archipelago  of  small 
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ta.      OTor  the  :w:i  thus   submerged  icebergs  loosened   from   the 
Scaudin.r  Sold  drifted. 

At    tin'  same   time,  partly   by  108,  and  therefore  slackened 

■water-currents,  ami  partly  by  moderated  olimateand  melting  oi  glaciers, 
there  was  b  flooded  condition  of  rivera  and  lakes  in  Middle  Europe, 

,  Uld  Switzerland.      At  the  MUM  time,  -■>'  rth- 

arn  ;  1  nl  the  lake-region  of  that  continent  were  sub- 

1  be  Caspian  Sea,  Lake  Aral,  end  other  lakes  in  that  region, 
wsre  probably  then  united  into  on  either 

with  the    I         lea  or  the  then  greaUj*axtezided  An    0  Ocean,  or  with 
both.* 

nces  of  this  oonditioi  -,rs  arc  found  in  old  sea-xua! 

leke-margiiis,  river-tarnoea,  end  Aood-rJalii  depe 

8.  Epoch  of  lie-elevation— Terrace  Epoch.— 'Ph.'  period  <»f  subsid- 
ence wa  i,  as  in  A.nerioa,  by  •  re-eleYation,  shown  1 
siro  boacbes  and  terraces  on  s<  .  nbont  lakes,  and  along  rirers. 
In  Bonn  places,  the  re-eU  \atimi  Heema  to  have  gone  beyond  the  present 

IbtcI.  and  the  British  tales  for  s  brief  time  were  again  united  to  the 
continent     Then  the  I. ml  «n  Di  down  again  to  ii-  pMsejtl  oonditaott. 

Southern  Htnitpi 

omens  to  those  described  have  been  ohsarred  al 
the  Bouthern  Hemisphere,  lj    in   New   Zealand;  but  win 

these  were  contemporaneous,  or  alternating  with  those  of  the  North- 
ern Ilein  icertaln. 

■  i-  General  Rsewfte  0/  Otaeial  /"■ 
1.  Fiords. —  We  have  soon  that  the    pi  Of   rivers,  la  thl 

•    the  Drift,  oho*  elevation,  then  subsidence,  and  then 

i.'vatioii  tO  B  I'  I  than  the  first.     The  first  elevation  is  shown 

in  their  d  ienf   bed* ;  the  suh  in  the   tilling  op  nf  the..' 

with  deposit;  the  re-elevation,  in  the  <  utting  down  into  the  deposit,  anil 
forming  terr m  ■  **,  all  these  changes  are  also  shown  in  I 

noaiona  of  fh  is). 

It  will  be  remembered  (p.  88)  thai  the  Norway  coast  is  wonderfully 
dissected,  consisting  of  high,  rocky  hcadlai: 
rated  by  dee],  inlet*  running  M  tc  i(,|>  mllei  into  ths  country  j  and  off 
shore  there  is  a  line  of  high,  rocky  ish  -.  evidently  the  remnants  of  an 
old  shore-line.     1  are  called  in  Norway  Fttrdt  ;  and 

i    for  Jill  BOOfa   deep  inlets  separating  high  head- 
lands.     The  Coast  nf  Greenland  has  a  precisely  BJ  tractate.     It. 


•  Bmn,  ral   ilii,  p   74;  Kntunil  U'mtory   Majnuinc,  toI.  Xttt,  f.  17S;  Archive  Om 
Science*,  toI.  liv.  p,  m. 
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also,  consists  of  bold,  rocky  headlands,  separated  by  fiord3  running  far 
into  tii.    country;  and  off  shore  ft  line  of  I  98  3,000  i 

In  Greenland  these  lion  Is  nn-  n  |  extensions  of  the 

general  in- mantle.    The  a  -  found  on  the 

•  i'f  the  contiiu-nt  in  high  latittali  -.     'I'll.  I   British  America 

and  Alaska  ik  ; i  1  - i •  bold  and  deeply  dissected  bj  fl  mis  j  imd  iu  Alaska 
these  fiords  are  now  occupied  by  great  glaciers  running  dm, 
Mo  (Pig.  MS). 

The  fiords  of  Norway  have  been  attributed  (p-38)  pnr. 
.  df  wave*  and  tides,  hut  it  i>  certain  that  tli 

due  to  n  partial  nubsidenco  of  a  hold  const  deeply  trenched  wil 
In  a  word,  liordB  are  deeply-eroded  valleys,  vhieh  have  beeoi 
tuhmargtd  :  and,  u  glaciers  ire  the  meel  powerful  of  erosive  agents  io 

tin-  they   an-  usually  httlf-subi 

valleys  can  iu  most  OBBM  be  traced  as  submai  i 

In  Greenland,  for  ie>  the  extension  ol  these  troughs,  di 

tlic  pnr.scnt .  sca-li-vi-1  and  far  Oul   beyond  the   reach  of  the    unSSUt  gls- 

■we,  a  former  more  elev  a;  and  b 

deponts  up  to  BOO  foot  shov  so  below,  and  a  re  b  to, 

the  praoool  [aval. 


Km.  MS.-lcl. -al  BdUoa  Uinxijili  *  Flonl. 
All  BDOrea  in  arc  bold   and  rocky  and   deep! . 

sected,  and  huvi  i  W-u  oil  shore;  in  other  words,  < 

affected  with  •ucture.    They  have  been  elevated,  erod 

subsided.     It  is  probable  that  during  tli«  i  poi  b  i 

'/»■'""/  o'lit'iicntal  connection  existed  between  America  and 
eluding  the  whole  area  between  the  Aleutian  Isles  and  Bei  rait 

2.  Glacial  Lakes. — Lakes  are  found  in  nearly  all  coui  udare 

doubtless  due  to  many  different  agi  i  al  the  small  lakes,  so  al 

dani  _■  i ■  ■  1 1 1  ovcred  and  bj  ai 

undoubtedly  due  to  glacial  agency,     li   is  only  lookats 

l'i  ""I  map  of  the  United  States  to  see  at  once  the  great  oun trust  in 
regard  h-  nd  Southern  parts.     In  the  single  State 

of  Minnesota  tliere  are  several  thousand  lakes.    South  of  I  f  the 

ice-sheet  there  is  not  one. 
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Glacial  lakes  are  formed  in  swer.il  ways:  ('/)  They  may  be  rock- 

i  out  by  glaciers  where  the  rool  efter  or  also  where 

there  is  a  suddm  change  in  the  slope  of  the  bed  from  a  higher  to  a 

leaser  angle;  or  (b)  they  may  be  formed  by  tin*  iatmninp  of  drainage 

waton  behind  kerminal  mot  I  a  retreati  ierj  ox  (< i  bj  the 

disappearance  of  suow  from  old  cirque^  tin.-  fountains  of  anelenl 
glaciers.  These  three  kinds  are  very  abundant  in  all  the  highest 
mountains,  sueh  h   (he   >ieira  Of   tin-  OolomdOj   lb     UBSl  \   the 

teat  sammfts,  the  first  high  op  the  valleys, nod  tl  ad  a  little 

way  down  tg    northern    coasts  elongated   lakes  are 

often  formed  by  the  etawtfion  ofjtordo,  ftfemj  lakes  in  Norway 
and   Scotland  are  formed  in   i  thousands  of 

small  lakes  which  0Vfl*  -prinkle  the  Mirl'aee   left    bj   tin 

tally  after  its  second  advance,  are  due  io  irregular  (lumping  of  gla- 
cial di'br 

li   ig  necessary  to  remcnib.-r  that  lakes  am  ephemeral  features  of 
topography.     The]  am  intflritaUj  in  time  either  drained  away  by  down- 
ing <d  their  outlets,  or  else  filled  up  by  sediments  brought  down 
ore.      'I'liia  process  U  ••'    rapid    in    nenntain-regions. 

The  little  glacial  lakes  are  rapidly  being  tilled  and  converted 
mar  meadows.     Everywhere  in  tin  Sierra,  the  region  of  mead- 

ows is  the  region  of  the  old  glaciers.     Likes,  then— -especially  small 

IS — are  a  feature  of   RAD   topography.      The    topograph}  Of  all  the 
Smithen  extremely  old,  while  that  of  &  -rates  has 

been  largely  determined  by  the  Drift,  and  is  tharafaa  no. 

Life  of  t he  Qattlernary  Period. 

Plants  and  Invertebrates.— lb-main  life  of  the  Quaternary* 

both  nomerone,  and  od 

served.    Both  the  plants  and  the  invertobmt  almost  u  holly 

identical  aith  those  now  living  on  the  earth.     We  will  therefore  dis- 
theM  With   one  important  remark:   Tin-   plants  and   the  marine 
shells  show  an  ardi  now  te>npcr<t(<r  regions.    The  species 

l  an  still  living,  •  it  Uoing  further  north.    Thru-  bas  been  ■ 
pro  trthward  linoe  Glacial  times,    in  Tertiary  I 

(p.  6OT),  «re  noted  a  migration  of  forms  8outhtc<u<I,  indicating  a  con- 
trary change  of  climate  al  thai  time. 

Mammals. — Hut  the  m  •.■<  tannaof  the  Quaternary  is  almost 

li  peonliar.    It  diffora  greatly  Eron  the  Tertiary  Banna  preceding, 
and  the  reeding.    Tin-  spades'  are,  moreover,  very 

namerou-s,  and  many  of  them  of  extraordinary  size;  for  it  is  the  culmi- 
nation of  the  mammalian  age.  It  is  necessary,  therefore,  to  describe 
some  of  then  .  IS  conditions  under  which  they   wen-   planned, 

and  thus  to  realize  in  some  degree  the  conditions  under  which  they 
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•id  perished;  -1.  In  ice-cliffs  and  frozen  soil*,  where  they  haro 
been  ■  'I'ij  XMUd  and  preserved  to  {be  present  tin.-, 

1.  Bone-Caverns.— The  richest  sources  of  Quaternary  mammalian 
remains  are  undoubtedly  Imnr-atimis.  These.  occur  in  nearly  all  emin- 
tries,  often  along  the  COBIM  of  .ut  reams,  but  high  above  the  present 
Stream-lowl.  Their  formation  mid  their  filling  arc  in  some  way  con- 
nected with  the  floods  of  the  Interglacial  and  Champlain  epochs. 
They  8re  neb  in  organic  remains  to  a  degree  win.  I,  is  :ilun.:-t  inercdi- 
ble.  One  of  the  most  striking  peculiarities  of  these  remains  is,  that 
tbuy  often  oomfat  of  I  heterogeneous  mixture  of  nil  A-imls,  eurnivorous 
and  herbivorous,  and  all  aizes,  from  the  Klephant  and  Cave-bear  on  the 
one  hand  down  to  Rata  and  Weasels  on  the  other;  sometimes  perfect, 
more  often  broken,  mingled  with  earth  and  gravid,  forming  u  unratified 
hour-  Another  peculiarity  of  these  deposits  is  that  they  are 

often  covered  and,  as  it  were,  scaled  by  a  atalagmitic  crust  formed  by 
subsequent  drippings  from  the  roof,  and  thus  preserved  against  • 
the  suspicion  of  disturbance  to  the  prawn r  time.     We  giv.-  ( Kig-  '.it  l) 
a  section  of  the  cave  of  Gaileureuth,  with  its  bone-rubbish  and  stalag- 
mitic  crust. 

Among  the  remains  of  Herbivores  found  in  bone-caverns,  the  most 
remarkable  are  those  of  the  Klephant,  Rhinoceros,  Hippopotamus,  i  In- 
great  ln-ii  Klk.  lii^ides  Horses  and  Oxen.  Among  Carnivores  are  the 
Cave-bear  ( Ursus  epefaits),  larger  than  tho  Grizzly,  the  Cavc-bycnn,* 
the  Cave-lion,*  tin;  Saber-toothed  Tigor  (Machairodu*  Intuitu*),  with  its 
saber-like  tusks,  ten  inches  long,  besides  smaller  animals  of  the  same 
order.    The  remains  of  the  larger  Carnivore,  especially  the  Care-bear 


Fie.  •»— Skull  of  Umu  •pebraa,  *  |. 


and  the  Cave-hyena,  are  the  most  abundant.     Tho  bones  of  the  smaller 
JJrrbirores  bear  the  marks  of  teeth,  as  if  they  had  been  gnawed.    The 


*  The**  ore  supposed  to  be  tho  saidc  specie*  u  iho  African  lion  »ml  hyeoi  of  the 
prwtnt  day,  but  much  larger. 
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skeletons  of  the  largo  Pachyderms  arc  usually  more  perfect.  In  th« 
Kirkdale  Ooro,  England,  the  teeth  and  other  parts ol  S00  individuals  of 
the*  :ia  were  found.     In  the  (tuilcnreuth  Cave,  I'rnncuni.  . 

rem*  300  Cave- hours  were  obtained,     lu  u  I' 

recently  found  t It •  -  remains  of  at  leMl  1,000  Cave4>enrB,*  end  from  one 
in  .sic -ily,  twenty  tons  of  hippopotamus-bones  have  been  taksn.f     In 


L.     . 


Via.  W6.— Skull  ..r  It7.M.»  »p.rlM,  x  4. 

many  bone-caves  are  found  also  the  bones  and  rude  implements  of 
prim  i'/  man.    Of  these  we  will  speak  more  fully  hereafter. 

Origin  of  Cave  Bone-Rubbish. —  When  it,  was  supposed  that  the  Drift 
was  caused  by  a  great  wave  of  translation  sweeping  aero  .mi- 

nent  and  rarrying  ruin  in  its  course, the  phenomena  of  bone-oaves 
supposed  to  give  countenance  to  this  view.    Animals  of  all  size* 
kinds  were  supposed  to  have  huddled  together  in  these  <■ 
ting  their  mutual  hostility  in  the  sense  of  a  common  danger,  and  pr- 
ly  togothcr  tin 

But  ut  present  it  is  usually  believed  :   1.  Thnt  these  caves  were  the 
(].!i>  of  the  larger  Carnivore  ially  the  < 'ave-bear  and  Care-hyena, 

whn-li  dragged  their  praj  there  tO  devour  them,  und  ulso  later  the 
■bodet  or  man;  3.  That  also  the  floating  bodies  of  large  Herbivores, 
tntdiaa  the  Elephaut,  Rhiuueerns,  eu\,  were  carried  ■  bj  Qu 

led  riven  which  then  ran  at  that  level;  and  3.  That  during  flu 
Ohamplaio  epoch,  when  water  ran  through  t'!.  i  a  in  largo  quanti- 

bones  and  earth  were  drifted  in  from  above,  through  fissures  and 
subterranean  passages,  and  thus  found  their  lodgment  in  the  caves. 
This  lust  was  probably  the  principal  source  of  the  bone-rubbish  in 
most  cases. 

Origin  of  Bone-Caverns. — In  limestone  regions  caverns  are 
ubundunt  everywhere.     They  do  noi   teem  to  lie  enlarging  mtm;  but 
on  the  contrary  to  bo  in  most  cases  filling  up  either  with  rubbish  or 
with  st.iUct.itic  and  stohigmitic  deposit    In  some  cases  streams  still  run 


•Science,  vol.  iil,  p.  «0O,  1884. 


♦  Prettwieli,  Otology,  voL  U,  p.  DOS. 
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through  them.     It  scorns  probable  that  they  are  mo.-'  a  the  ac- 

of  subterraneau  waters  in  Chomplain  times.     At  that  time  foil 

ran  through   and  tXOSTBted   them,  [partly  by  erosion,  partly  by 

8olnti<in,      •iniiliinllv.  us    tin-    Terrace  elovation  came  on,   the  great 

mis  into  which  the.-:e  cavern  tributaries  run  cut  down  their  beds  to 

lower  L'wIh,  tin:  mbterrftnaaB   water-;  aOUght  lower  levels,  and  tho  part 

ninniug  through  the  caverns  was  radoood  to  drippings;  and  staltigmitic. 

Croats  covered  tho  Champlain    rubbish  and  preeerved  thorn.     Thus, 

then,    the   dttt   of    the   rarrs   i ri   <'liamplain ;    of  the  hone-rubbish   is 

i  Hum] fain  and  early  Terrace;  of  the  stalugmitie  crust  is  later  Terrace 

and  Kccent. 

2.  Beaches  and  Terraces.— On  these  are  found  the  remains  of  bodies 
which  have  floated  and  In-come  stranded.  The  moat  abundant  of  these 
are  remains  of  Khjtkus  prvmgtniiu  ur  Mammoth.     It  is  believed  that 


j  ana; 


Fio  817.— Skeleton  of  the  Iri»U  KIk  (Ccrnw  megKerea),  Port-Plloccne.  BiiUta. 

the  bones  of  500  individuals  have  been  found  on  tho  coast  of  Norfolk 
and  Suffolk,  and  over  2,000  grinders  havo  been  dredged  up  by  the  Abu- 
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crmen  of  the  little  village  of  Hupposburgh  (Woodwfoti).     On  river 
races  associated  with  Imhh ■>  of  Quaternary  animals  have  been  found  also 
adfl  implements  of  primeval  man.     We  speak  of  these  BOOM  par- 
ticularly heraaftsr. 

8.  Marshes  and  Bogs. — As  might  have  bean  anticipated,  rho  re- 
mains found  in  these  are  mainly  those  of  the  fofgnr  Herbivona  aid 
pliant*,  oxen,  stags,  etc.  It  is  in  these  that  were  found  most  of 
the  fine  skeletons  of  the  gigantic  high  elk  (Cbvui  megaciros). 
Tin-  magnifioani  elk  was  ten  to  eleven  feet  in  height  to  the  top  of 
its  palmate  antlers,  and  ten  to  twelve  feet  between  the  antler-tips  (Fig. 
■J4T). 

4.  Frozen  Soils  and  Ice-Oliffs. — As  in  these  ha  re  been  found  the  most 
perfect  specimens  of  the  Mammoth  ( /.' 
to  be  the  proper  place  to  describe  the  animal. 


r4 


Fw.  MS.— SkcKenrirtf  tli.  (Elr.-plia«  |>i 

to  liie  lii-id.  anil  the  lluck  nklii  of  i lu-  M)lr>  I*  mill  martini  In  tine  tat. 


Tho  gnm  i:hrl<r$  ranges  in  time  from  about  the  latter  part  of  tha 
Miocene  to  tho  present.     There  are  about  fifteen  fossil  species  ku 
The  genus  seems  to  have  reached  its  maximum  development  in  the 
Quaternary.     During  that  period  three  specie*  inhabited  Europe,  rift ; 
K.    anHguut,    h\   liieridionaUit,   E.   primiyenin*   (Lyell),  be>! 
dwarf  species,   B.  Mr.H  tenth,  four  and  a  half  feet  high,  and   S. 
coneri,  three  feet  high,  found  in  the  Quaternary  of  Malta.     Of  these, 
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the  largest,  the  most  numerous,  and  the  lutest,  was  tin-  primitjemu*  OK 
Mammoth.     This,  species  roamed  in  immense  herds  all  over  Europe, 

from  tin'  ibon     i>:   the  .Mr  iih-iTaneun  to  S:lnTi:i,  Mini  extended  alsoovor 

tbe  northern  portion*  el  North    tanexifio*    In  Biberia  the  tusks  are  fo 
obuii'l.irit  end  so  well  preserved  tluit  much  of  tho  ivory  of  com  men 
got  from  tliii  source. 

The  Mammoth  (Kig.  948)  was  over  twice  the  bulk  ami  weight  of 
the  largest  modem  species,  and  nearly  one  third  tidier.     It  *ai  thiek- 

■  overed  with  a  brownish  wool,  ami  in  parts  with  long  fair  J  and 
was  therefore  veil  adapted  to  omluro  cold.  It  may  seem  strange  that 
we  (should  speak  of  the  hair  and  wool  and  the  color  of  an  extt&Ot 
animal;  but  perfectly-preserved  specimens  h  n  found  sealed  in 

the  ieo  in  Siberia — so  perfectly  preserved  that,  when  first  exposed, 
wolves  and  dogs  of  the  present  epoch  fed  on  the  flush  of  this  animal 
belonging  to  an  extinct  fauna.  The  whole  skeleton,  with  pari 
<if  the  skin,  heir,  wool,  hoofs,  and  eyes  of  this  animal,  is  now  to  be 
found  iii  the  ukim-uih  at  St.  Petersburg.  The  existence  ol  elephants 
iil;  elm-.-  nut  indicate  a  warm  e  Innate-,  although  the  Cham- 
•ch  was  doubtless  far  less  rigorous  than  the  Glacial.  These 
elephant!  were  covered  with  thick  wool,  as  was  also  tbe  rhinoceros  of 
Europe. 

Quaternary  Mammalian  Fauna  of  England.— In  England  alone  there 

Quaternary  time*,  of  I  ,  the  great  Cave-bear,  the  Cave- 

r  larger  than  the  Bengal,  the  asbre-ti  ■-*'>',  as  large, 

..  in  flat,  curved  tu.-ks.  eight  inches  beyond  thegmna»beaideaw( 
ad  lesser  Carnivores.     Of  Ucrli"  .moth  in 

herds,  two  specie*  of  rhlnooeroe,  one  hippopotamus  the  great  Irish  elk, 
three  two  of  then  of  gignnti  "  -ides  horses,  deer, 

ami  other  mailer  species.    Surely  this  was  the  culmination  of  the 
ege  in  England. 

VmvnaHan  Fauna  in  Worth  America. 

Ol  North  Aiti.Ticn,  In  Quaternary  times,  van  equally 
abundant;  but  the  country  has  been  less  perfectly  explored,  and  the 
coHeotfonai  therefore,  leas  complete.    Boi  i  aa,  the  richest  sourcea 

Of  European  ooUeotiont,  are  also  far  more  rare. 

Among  Herbivore*,  the  most  remarkable  were  the  great  Mastodon 

(.If.  Ameriataut) ;  two  ipeelei  of  elephants,  the  /-.'.   Inn  i  Erhmm  and  the 

/.'.  prtmigmiut  .  at  least  two  gigantic  bisons,  one  of  which  was  prob- 

tho  horn-tips  J*  gigantic  horses;  gigantic  beavers, 


•  A  w  Unen  of  Bu  tati/rvn*  has  recently  been  found  in  Ohio,  tho  Aon*-«0re»  ol  which 
INN  twmiy  iachet  around  the  Ua»e,  ami  more  than  wren  feet  between  the  polnu.  Be- 
tween tho  horn- lip*  tnu»t  have  bo«ii  at  leart  ten  feet. 
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one  as  big  as  a  bear;  a  gigantic  iUigiCervu*  Americans),  fully  as  large 
as  the  Irish  elk  ;  tapirs.  pWWariiM,  and  a  large  number. >f  1  -,  an 

order  now  mostly  oonfll  A  merica,  to  wli  loll  !x-long  the  sloths 

and  armadillos.     Many  of  these  were  also  of  gigantic  size.     Carnivores' 
wen;  not  so  abundant  as  in  Europe.     The  ntOSi  remarkable  were  a  Uoa 

.  U  \tttgfi  H  lli'.-  KiU(i|.in!i.  ami  i  WO  speciea  of  bear  ( f 
prutinUS  and  uinp 1 1 dens). 

Bone-Caves. — Owes  aw  found  in  li  regions  in  iLmatioa  as 

elsewhere,  but  they  do  not  seem  to  have  been  to  the 
dens  of  OantifOTBBi     In  a  vertical  opening  in  limestone  strata  in  Penn- 
sylvania, a  kind  of  cavo,  marnrn  ma  ins,  have  \>cri\  found  Ik! 
Log  to  thirty-four  spirits,  among  whieb  were  six  Edentates,  eight  I'n- 
;.in;ii.  -,  -in  I  .-..>;•.;■  Bodenta     I  Bomber  oare also  been  (bond  InUu 
caves  of  Virginia,  and  a  few  in  those  of  Dlitt  •  •)• 

Marshes  and  Bogs. — 3Iost  of  the  remains  of  large  ILrbivoree  have 
hcon  found  in  marshes  and  hogs.     In  the  Big   Bon*   Lid     B 
t  h<- remains  of  ono  li  mull. -.1   mastodons  ami  twenty  <1  chants  aro  said 
to  h  dog  op.     .Many  very  perfect  skeletons  of  the  great  masto- 

don havo  been  obtained  Erom  marshes  in  Km  folk,  Km  Jersey,  In- 

•  1 1  in.;.  :mmI    Mi  '   i.i;:-'l.       OlM  !i  i.  ■••  m  -  ih  t-ui   :-| » vrii.n   \\a..  f'luml   !:i  ..  mar.sii 

near  Xewburg,  New  York,  with  its  legs  bent  uuder  the  body  and  the  head 
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the  place  whero  tho  stomach  hfld  been,!  largo  quantity  of  gimilar  mate- 
rial was  found.  In  I860  a  very  perfect  i-.kcletoii  was  found  iu  u  bog  at 
Cohot'S,  New  York.     -Many  others  have  been  found. 

The  VoMtodtm  Aourtecunu  (Fhji  M9)  i«  probably  the  largest  b 
mammal  known,  oiilen  wo  except  the  1 1  im  (Gaadry).    It  was 

twelve  to  thirteen  Beet  bigb,  and,  inolttding  the  tusks,  twenty-four  to 
twenty-five  feet  long.       It    differed 
from  tho  elephant  chielly  in  the  char- 
acter of  its  teeth.     The  liilTcrenoc  is 

a  En  Hj  .  850,  061,8  ■:.    lh<  de- 
nt's tooth,  given  below  {Fig.  901), 


im 


Fio.  950  —  T»mii  of  Vci.-tmlon  Amrricaaoa. 


FlO.KM.—  I">  Tfi '!  T n  Df  -in  KlrnhM, 

found  In  StanltlniK  County,  (.'alitor- 
ma,  |  iialuraJ  sUe. 


is  sixteen  inchc3  long,  and  the  grinding  surface  eight  inches  by  four 
inches. 

The  two  genera  of  Proboscidians,  Elepha*  and  Mmtodnn,  appeared 
together,  or.  more  probably,  tin-  mastodon  a  little  tho  earlier,  in  the 

eene  epoch,  they  ranged  together  through  the  rest  of  the  Tertiary, 
I  course, 
changing  several 

Mt  At  the  end 
of  the  Tertiary,  the 
mastodon  became  ex- 

i  on  tin 
Continent,  bat    con- 
tinued   through    the 
Quaternary,   with    its 
companion,    the 
phant,     in     America. 
At    the    end    of    the 
Quaternary,  the  mas- 
todon became  extinct 
wholly,  and    the 
phant  in  America  n  I 
Kumpe,  though  it  still 

continues  iu  I  Africa.     During  the  Quaternary,  therefore,  one 

species  of  mastodon  and  two  species  of  elephant  roamed  in  herds  over 


>i- 1    Ml   -M..hr  T.-.th  llf  TfWIII  III  fTH|l)lll  [lltl»1|lllfnfl     .1. 
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North  America  from  the  Gull  to  arctic  regions.    Of  the  two  species  of 
elopliant,  however,  the  primigeniu*  was  mostly  confined  to  the  higher 
latitude!,  mid  the  dmtricemut  t"  tin-  ->i>ubhern  portion*.    Tin-  lot t 
distinguished  from  the  former  by  loss  crowded  enamel 
grimier*  mill  Ian  curved  tusk*.     According  '!•  I    ipe,  ab  Ul   lifty  species 
of  Probceddiana  are  known.    Of  bheee  fiva  are  Dinotherei  -Ave 

Mastodon  irjiliant.-,  ami   flvi    of  Bnoert&io   place.     The   i1 

therium  appeared  Brat,  then  i  •don,  and  lagt  tli  bant 

This  is  also  the  order  of  specialization  of  teeth--  ]  .      . 

of  appearance  and  of  extinction  of  these  three  forms  uru  shown  in  di- 
agram ( Fig.  953). 
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Pio.  063.— Diagram  shoving  Distribution  Id  Tltno  of  PruboarUlina. 

Among  Bdenttttie,  a  Megatherium,  a  Megalonyx,  and  several 
dons,  have  boon  found  in  North  America;  but, as  tin 
was  in  South  America,  wo  will  describe  them  und<  .-ad. 

River-GravelB. — In  many  portions  of  thi 
cially  iu  California,  remains  of  mastodon  and  elephant,  and  bison, 
arc  found  in  great  numbers  in  rivor-gruwi.-.     The  river-gravels  oi  Cali- 
fornia ate  tpdken  of  again  further  on. 

Quaternary  in  South  America.— A  largo  number  (more  khan  I 

gpccii ■  i-f  mammals  have  been  found  in  the  soil  of  [.aaand  ».• 

caves  of  Brazil.  They  are  mastodons  (different  species  from  tin-  North 
American),  llamas,  horses,  tapirs,  rodents,  many  species  of  panther-like 
carnivores,  la >  -toothed  tigers  ( M  ■  is  n$9<t<tus  v 

fur),  with  curved,  suber-Iike  tuska  twelve   Inches  long  and  eight  i;i 
beyond  the  gums  (Fig.  054),  and  especially  a  large  Dumber  of  K  hutates 
allied  to  the  sloth*,  and  armadillos,  but  of 

Of  th.-  Edentates,  the  most  remarkable,  in  fact,  one  of  the  most 
larkable  animals  which  have  ever  existed,  i-  the   W 
hea:-;  i  •  'I'lie  gcnu.s  \li-u'atherium  ranged  in  Quaternary  timet 

through  South  America,  and  into  North  An  lore* 

of  Georgia  ami  South  Carolina.  mouth  oi  the  Savannah  B 

the  remaJ  reral  individuals  of  a  species  of  this  genus  (.1/.  mini- 

|  have  been  Found.     Hut  tho  largest  species  and 
ii  found  iu  South  America. 
The  Magatherium  Cuvuri,  of  wliich  we  give  a  figure  (Fig.  955),  wai 
larger  than  a  rhinoceros,  but  was  still  more  remarkable  for  the  clumsy 
massiveness  of  its  skeleton  than  for  its  sue,    Th  lullv  true  of 

its  hind-logs,  hip-l miles,  and   tail.     For  this  reason,  it   is  suppo** 


ngular  riilges  admirably  adapted  t.>  triturate 
its  coarse  food. 

Attyaloiigx  (big  claw)  (Fig.  957)  is  the  name  of  another  genua  of 
these  gig-.inti.-  alotli^and  Myfodonot  a  third.    Both  od  these  ga 

irth  America.     In  fact,  tit-  nyx  was  tint  dis- 

covered   in    II  r    Count;,  ::i,   und    named    '■'  I   by 

Thomas  Jefferson.    The  larger  species  of  Mylodon  and  Hcgllonys 
■boot  the  size  of  a  buffalo,  or  lai] 


roiiaiiiw.  qoalcniiry.  Konth  America. 


Of   the   Armadiilai  or  inai'M  Ktnitafrs,  then:  VOn  8trvrr.il  of  gi- 

itic  ging  to  the  x>-)v:ra  Glyptodon%  CM"  rium,  and 

°aefitftheriuMi.     Tin:  accompanying  oat  represents  one  of  these  eight 


Pin. «».— Skrir Ion  of  Clyptnlon  cUrt|w«.  «  A-  Quaurmry.  8onlh  America. 

feet  long,  with  an  invuln.-nililw  ^oat  of  mail.    Some  species  of  the  genus 
GSUrt.  i'mw  were  much  larger — ong  as  big  as  a  rhiuoceros,  and 

of  Pachythcriuvi  as  big  a*  an  ox  (Dana). 
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Australia. — In  Australian  caTes,  also,  groat  abundance  of  remains 
has  been  found,  mid  thej  ahow  the  same  prevalence  of  gigantic  spo- 
cios.     Aa  mow,  6o  then,  the  mammals  of  Australia,  ven  aln 

sii]>iaL<,    hut     the    present    xpvctctf    are 

fa  in  ooffiparisoD.    The  taigas! 

•   was  tii.  I    (two   I 

teeth),  a  paohydermoid  kangaroo  at 

as  a  rhii. 

thoaknIL.  which  '.van  throe  Beet  loug.is 

given  herewith. 

Among  other  remarkable  species  of 

marsupials  were   Maoropus   (kangaroo) 
27/<i/i  mul  V.  .I//tv,  of  great  size;    V  <  ta  large  as 

a  bullock,  and  a  very  remarkablo  species,  supposed  by  Owen  to  bate 
bet  D  carnivorous,  and  therefore!  called  Ti'ii/lucolro  (pouched  lion)  earn- 


Pin.    m>—  Sknll  r,l    niprofxton    \u» 
trails,  *  A,  Pusl-I'liucoo*,  Aualralla. 


vr 


Fio.  CM.— Thjln.  rr^aeta  t»t\0r  Flomrn. 

,  as  large  aa  a  lion.     The  striking  peculiarity  of  th is  animal  was 
pi  ■  broad  trenchant  premolar,  m  shown 

Geographical  Faunas  of  Quaternary  Times. —  WV 
already  the  geographical  distribution  i>f  families  was  similar  to  tlui 
which  wo  find  at  present.     Then,  as  now.  Herbivores  greatly  pred 
Dated  in  America,  while  Carnii  re  very  abundant,  and  of  great 

size,  in  the  Eastern  Continent    Then,  aa  now,  sloths  and  annadi 
and  llamaH  characterized  the  fauna  of  South  America,  while  Marsi 
characterize<l  that  of  Australia,     Bnt  irnal  life 

seems  to  have  been  then  more  abundant,  and  the  species  gigantic 
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jural  Ob*  l  on  the  Wltole  Quaternary. 

l.  Cause  of  the  Climate. — This  i«  confessedly  one  of  the  most  diffi- 
cult questions  in  geology.  There  seems  to  bo  uo  doul)t  that  during  tho 
Quaternary  then-  were  wide-spread  oscillations  of  the  earth's  crust  in 
high-latitude  regions,  and  a  general  coincidence  of  climatic  changes 
with  th.se  oeriUationa,  (furthermore,  there  is  litilo  doubt  that  tho  cold 
and  the  ice-accumulation  were  attended  with  northern  elevation,  and 
the  moderation  "f  temperature  ami  melting  of  tin'  ice,  with  subsidence 
in  tho  same  region.    But  there  are  -.in  for  thinking  that  the 

■:'  the  iliinutic  changes  with  the  crust-oscillations  was  not 
exact :  that  in  man]  places,  at  least,  the  maximum  of  ioe^aooiUDulatios 
was  associated  with  subsidence.  On  this  point  there  has  been  v., 
confusion  and  difference  of  opinion.  It  seems  to  us  tliat  the  differ- 
may  be  reconciled  and  the  facts  well  explained  by  supposing  that 
them  el>  ..  accumulation ;    109-aOOnmnlaMoO  h\ 

weigh;  produoed  subeidenoe;  lubsidenoe  produced  moderation  Of  tem- 
perature aud  melting  of  ice,  and  this  last  by  lightening  of  load  pro- 
il  r.-ilcvation.    But  (and  tin.-  B  the  important  point)  i. 

Meg  east  i'»_hi->i  grtafly  tehind  fh*  comm.    Thii  Es  w  1!  known  t.>  \»- 

■  'I  rn*c*  of  amtmuttttmt  iffectx,  but  in  this  case  the  l:r 
great     On  this  view  the  accompanying  diagram  (Fig.  868)  graphically 
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Pi«.OM— IiUifnirnhftwiOif  Hi-    R     >      <    <f  Ijsirl  Elprallnn  *ml  Ire  ArrotmiUtloii.    The  lint  u  », 
ii «  H  BID*,  ami  »ln>  the  prvwul  cvuililiou  u  ti>  vlvvktiuu  «uj  let. 

represent*  the  facts.  It  is  *een  that,  at  the  time  of  maximum  be,  the 
subsidence  hud  already  eommenoedi  To  thia  lagging  of  elTnts  sn  ac- 
count of  their  Belf-perpetaation  aud  consequent  ft  .  must  be 
added  another  ruuBe  of  apparent  mU  La.,  tho  gi  at- 
traction of  the  i  i-shri-t.  OD  ihe  sea,  drawing  it  northward  and  raising 
its  level. 

to  tho  COUM  of  the  old,  it  is  certain  that  northern  eloTation 
would  produce  cold  ami  depression  a  moderation  of  temperature  in  tho 
regions  thus  affected.  It  is  probable,  also,  that  in  the  case  of  North 
America  and  Europe  the  chilling  effeot  d  elevation  was  greatly  in- 
creased b  ident  and  probably  correlative  ttubnidetice  of  Central 
America,  by  which  the  Onlf  Stream  trr/.t  direr!  the  Isthmus 
into  the  Pacific,  thereby  depriving  the  North  Atlantic  of  the  wanning 
influence  of  thia  stream.  It  is  safe  to  conclude,  therefore,  that  these 
geographical  changes  were  certainly  ons  cause  and  probablj  the  main 
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of  the  rigorous  climate  of  high  luiitti-  it  in  America  and 

Europe.  imagine  that  other  regions,  especially 

bopSoal  regions,  vera  u  warm  m  now. 

Hui  admitting  that  increase  In  Ore  area  ami  height  of  j>olar  laml, 
would  increase  the  rigor  of  the  -.111111110,11114  decrease  of  area  and  he 

of  polar  lands  would  moderate  the  climate  of  northern  regions,  ui 
thai  ill..;  1  .if  thisefFrci.il   is  difficult  "'  Bttiioata — jrel  t)\*  effnl 

VM  bo  enormooa  and  so  wide-spread  that  the  cause,  even  when  sup- 
plemented by  changes  in  se  of  oceanic  currents  snch  as  the 
Gulf  Stream,  has  seemed  to  most  physicists  and  geologists  to  bo  in- 
aujHcirnt.  They  have  cast  ubout,  therefore,  fur  some  other  possible 
cause,  external  to  the  earth  itself — i.  e.,  cosmical  cause  —  to  ex- 
plain it. 

Croll's  Theory.— Nearly  all  theories  of  tin's  kind  are  open  to  the 
fatal  objection  that  they  attempt  to  account  only  ; 
heat  is  just  as  necessary  as  cold.     As,  in  a  distilling  apparatus,  a  boiler 
is  the  necessary  complement  of  a  v  so  for  a  Glacial  epoch  ex- 

cessive evaporation  by  heat,  is  the  necessary  condition  of  excessive 
densation  of  snow  by  cold.    AVhat  we  >vant,  therefore,  is  great  difference 
of  temperature  between  summer  and  winter,  and  between  equator  and 
poles.     The  only  theory  which  meets  this  objection,  and  which  is  r: 
fore  entitled  to  serious  attention,  is  that  of  Mr.  Oroll  (embraced  also  by 
Goikie  and  many  other  English  geologists),  which  attri bates  it  tu 
/•■  mbiucd  injlutna  ofpreetuion  ofth  equinoxes  and  teeular  chongu  in 
the  eccentririh/  of  the.  earth's  orbit.     Hy  the  former— viz.,  prrccm'oit— 
H  hich  iu  the  northern  hemisphere  occurs  now  when  the  earth  is 
liriiiv.  1  the   im  (perihelion), ie gradually in  10,000  yean  broogntn 

80  as  to  oce  ur  ulicii   the  earth   is  farthest,  off   from  the  ran  fephd 
The  effect  of  this,  it   is  claimed,  would   he   to  make  longer  an  I  i 
winters,  and  shorter  but  hotter  summers  in  the  northern  hemisphere, 
Hiich  ns  ui ■<  in-  now  in  antarctic  regions.    Uy  the  latter — viz.,  inereat 
eccentricity — these  effects,  which  are  now  small  on  account  of  the 
nearly  circular  form  of  the  earth's  orbit,  would  bccorin  v..    At 

the  time  of  greatest  eccentricity,  the  earth  would  bo  14,000,000  miles 
farther  off  from  the  sun  in  winter  than  in  sumii:  «  wnulii 

be  twenty-two  days  longer  and  20*  colder,  ami  the  summon  twenty- 
two  days  shorter,  but  much  hotter  than  now. 

Fig,  963  is  a  diagram  representing  the  effect  of  procession.  In  A 
wo  have  the  condition  as  it  now  exists — i.e.,  the  north  pole,  X  P,  is 
tnm.. I  :iw:iv  from  the  sun,  e  (winter),  at  perihelion,  and  toward 
sun  (summer)  at  aphelion.  Hut  the  earth,  rotating  on  its  axis  like 
a  spinning-top,  does  not  maintain  the  same  position  of  its  axis — does 
not  sleep  in  its  spinning — but  wabbles  on  its  center,  the  ends  el 
axiB  describing  a  small  circle  (aa  shown  by  the  dotted  line)  v 
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jean.*     In    10,600  years,  therefore,  tin-  axis  will  be  tilted  the  other 
,  so  tLftt  B  represents  thu-  condition  of  things  at  tliat  time.     It  is 


>4- 


**l 


'S*. 


Plo.  MS.— Diagram  ■Kowinit  effect  bt  Prceoalon:  .4,  condition  of  thlui;*  now:  B.  a»U  will  bo  10,900 
jean  bence    Tin:  •ocasbtcttjf  i>  .if  nmrw  urtaily  <xagK<ntlcd. 

seen  that  winter  (north  pole  turned  away  from  the  nm)  will  fa  in 
■  lion,  and  summer  (north  polo  turned    toward  the  sun)  in  peri- 
helion.    N.iw.  EMMOfdiDg   to  Croll,  the  (nilU  EdettOO  of  apluln-n  winter, 
wit.lt  a  period  of  greatest  eccentricity,  produces  a  gluei;il  oliinate, 

of  aphelion  winter,  us  already  said,  is  21,000  years,  tliut  of  great- 
est eccentricity  is  much  longer  and  far  loss  regular. 

Again,  these  effect*,  Croll  thinks,  would  be  still  further  increased 
by  changes  in  the  direction  of  oceanic  current.*.     1  poring  aphelion  win- 
ter iu  the  northern  hemisphere  the  equator  of  heat  would  be  south  of  the 
gi»ogruphical  equator  instead  of  north  of  it,  as  It  present.     The  erpuv- 
>l  current  of  the  Atlantic  iji.  40).  instead  of  turning  northward  to 
i   thfl  Gulf  Stream,   would   be   turned    southward   by    tho  W/edgO- 
ahapod  ea-t< WD  point  ol  South  America,  and  the  northern  hemisphere 
would  l>e  still  further  chilled  by  the  withdrawal  of  this  great  moderator 
of  northern  climates.     Finally,  to  all  those  effects  must  now  be  added 
important  effa  t  of  the  extreme  range  of  temperature  during  nn 
lion-winter  period,  especially  at  a  time  of  maximum  city. 

leaf  has  shown  tlmt  iho  B0eot  of  i ncreascd  range  is  to  diminish 
the  mean  temperature;  V  bile  Tlill  \  has  shown  that  it  iucreasea  tho 
mean  fWyoraMon,  and  therefore  the  mean  precipitation,  as  snow. 

If  this  theory  be  true,  one  corollary  is  the  recurrence  of  (ilaci.d 

•  Tlie  cycle  ol  precession  Is  10,000  jvar«,  but  tlm  advance  UBHOUWUl  of  the  major  aila 

..rb.i  null..-  ii:r       Is  ...  kpb  Kon  winU<r  21,000 year*, 
t  American  Journal,  vol.  nil,  p.  487,  1681. 
:  ecological  Magazine,  vol.  titi,  p  481,  188L 
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epoch.*  many  times  in  tlio  history  of  the  earth.  Another,  according 
to  Cn.IL  ia  the  alternation  of  colder  and  warmer  periods  many  times 
daring  ever]  period  of  gm  . .  and  a  similar  alternai 

iho  two  poles,  so  that  thr  sold  period  at  one  pole  cor- 
responds with  the  warm  period  at  the  other.  Of  alternations  of  c 
und  warmer  periods  during  the  (J  labial  ejXM  h  there  U  I 
hoth  in  Europe  and  America,  bat  then  h  DO  evidence  that  these  were 
so  numerous  (esren  0T  eight)  as  the  theory  requires.  Of  the  recurrence 
of  many  Glucial  epochs  in  the  history  of  the  earth  there  is  as  yet  no 
reliable  evidence, bat  ninth  evidence,  to  the  contrary.  It.  is  true 
what  seem  to  bo  Glacial  drifts  with  stored  bowlder  ban  I 

found  on  several  geological  horizons,  but  these  are  usually  iu  the  viola- 
ity  of  lofty  mountains,  and  are  probably,  therefore,  evidences  of  local 
glaciution,  not  of  a  Glacial  epoch.  On  the  other  hand,  all  the  eridl 
derived  from  fossils  plainly  indicates  warm  climates  even  in  polar  re- 
gions during  all  geological  periods  until  the  Qnaternar  evi- 
dence at  present,  therefore,  is  overwhelm ingly  in  favor  of  the  uttiqvt- 

ness  of  the  Glacial  epoch.    Thia  fact  iethi  "If.-. 

theory, 

Mr.  Wallace  has  attempted  to  remove  this  objection  by  mollifying 
Croll'a  theory.     He  substantially  accepts  Croll's  view,  but  think*  thai 
astrouooiicul  changes  alone  will  not  produce  u  Glucial  epoch,  but  must 
!»'  coincident  with  geographical  changes  favoring  the  same  result.     1 1 
maintain!  that,  until  the  QuaN-niary,  geographical  conditions  favored 
warm,  uniform  climates,  especially  by  several  open  current-ways  i 
tropical  to  polar  seas,  notably  one  from  the  Indian  Ocean  through 
Western  Aala;  and  that  at  the  beginning  of    the  Quaternary  these 
warm  currents  were  cut  olT  by  northern  elevation,  which  we  know  oc- 
curred at  thia  time,  while  the  elevation  itself  would  tend  still  further 
to  increase  the  cold.     The  Qladal  epoch  was  therefore  the  result  of 
nvesal  causes,  astronomical  and  geographical,  viz.,  aphelion   win 
maximum  eccentricity,  and  northern  elevation.    On  thia  riev  it  is  easy 
to  see  why  there  shouhl  !>;■■■  oob. 

Furthermore,  Mr.  Wallace  thinks  that,  during  a  period  of  main 
eccentricity,  the  grout  accumulation  of  ice,  once  effected,  I  id  to 

self-pcrpi  c,  would  conserve  the  cold  aad  tide  over  the  shorter 

processional  cycles,  so  that  these  would  have  but  little  effect,  and  hence 
than  ironld  not  be,  and  in  fact,  were  not,  seven  or  eight  albernatios 
cold  and  hot  periods  durini.'  the  Glacial  epoch,  as  Croll  thinks.    Tbers 
was  but  one  interglacial  period,  and  this  wua  determined  by  changes  in 
eccentricity,  u  seen  in  Pig.  984 

Mr.  Wallace  has  certainly  put   the  uatronoini'-   flu-ory  in  its  beet 
form,  and  his  view  may  bo  regarded  as  prolwible  if  wo  admit   I 
among  his  concurring  causes  the  geographical  are  the  most  important. 
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.'.  Tima  involved  in  the  Quaternary  Period.— If  weaccrji!  I 
ami  WaDi  iT|  then  it  is  posatbtt  to  estimate  with  accuracy  the 

length  nf  the  Glacial  enoeh  and  ih-'  tima  al  r-,  f<ir  it 

U  Beadles*   in   -ay   lii.  miiical  '■.  calculable  with  | 

unty.    The  following  diagram,  taken  from  Mr.  Wallace,  ehowi 


100  SSB  J3o  ISO  R  '-:1 

TMOUSHNO  VtM«  ACO  fROM 

Flu  Ml.— Dlafrnun  Of  ErtmtriritrMil  Pmei'Mlun:  AlnriM  rrjir tit »  I  unr .and  OnHOSlM ,  di 

of  r<-r«r.tnrltr  god ■ '  OOld       I  !■•  darl     .imi   llghl   -I.-..I.  -  >howth.   ivirnn-r  in.l  . 

t«».  Md  Ihwvfor*  imllcUr  >.at  !i  iu.wu  jenrs.  tlic  Stall  reprwetillnje  a  period  uf  WJjOUU  years. 

:  of  ceeentricify  daring  tha  last  B0fl,000  years,  and  the  recurring 
.  j  of  precession  daring  thai  period.     If,  as  ho  thinks,  the  cold  was 
mainly  due  to  * utrieity  and  geographical  change.-,  tie  miuI 

changes  having  little  effect,  then  this  Bgnn  will  also  represent  the 

I  of  i'i  I         I     i-;  seen  tin  to  ('roll  ami  Walleoe,  the 

Glacial  period  oommeneed  -'lu.oOO  years  ago,  lasted  lfiO.OOO  years,  and 

have  elapsed  since  its  decline.    It  is  seen  also  that  .Mr. 

(fallaee  makes  bat  one  intorglaeial  period  instead  of  eight,  the  effect 

of  the  shorter  preces>ion.iI  e\i  •!.•.«   I"  ■!  OTIC  by  thfl  '-fleet  of  the 

sccttraulated  I 

On  mi v  view  us  to  the  enmo  of  tin-  gl:vd:d  climate,  then  8U  he  no 
doubt  that  the  ehanggi  vhioh  prodocad   ll   wan  effected  very  slowly, 
and  therefore  involved  long   periods  of  time,  fo  slowly  that,  they  would 
■ably  bo  unobserved    '  moons  man,  if  •  ted 

ra  are  change  tion  and  depression  now  going  on  in  vin 

parts  of  the  earth  which  are  probably  M  rapid  as  those  of  the  Glacial 
and  I  poeha.     The  shores  of  the  ttsltic  and  of  Norway  ore 

now  rising  at  an  average  rate  of  two  and  a  half  Ee  ntury.     I 

tinue  this  into  for  SrtU  centuries,  mid  N'nrwav  wmild  attain  an  elevation 
as  great  as  that  of  the  Glacial  epoch,  audi  if  nob  elevation  produces 
\  would  be  again   ,  ./.     Doprettinn  at  a  similar  rate  for  the 

same  time  would  bring  about  a  condition  similar  bo  that  ol  the  Champ- 
lain  epoch.     Y.  I   ih.   r   i  hangCB  are  tinremarkeil.  BXOBpt  by  the  eye  of 
•ice.    The  otilv  difference,  if  auy,  be  oat  is  in  progress  now 

as 
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and  what  took  pla.-o  in  (Jlaoisil   timet,  ii  the  con  uatmiahtf 

of  the  oscillations   tin  a.  uml    i ■>{ i«'«' iall  v    their  coincidence 
astr<>T!.uii  ■  ir  i-lTwl  ii|ini,.-]]i. 

Other  and  mow  direct  method-  .ati-m,  hon  Utah  as  the 

recession  of  waterfalls  (p.  15)  and  of  lake-shores and  the  extree 

new  of  glacial  scorings  and  pouehings,  seem  to  indicate  ■ 

appeannoeof  the  ioe-abeei 
reason  for  believing  that  geographical  ol  is  of 

tin-  i  liiu.ili-. 

8.  The  Quaternary  a  Period  of  Revolution— a  Transition  between 
the  Cenozoic  and  toe  Modem  Eras.  —  W  •  bai  ft  air  and 

pa  also  at  other  titties,  I ; 
been  periods  of  i  m  of  the  earth's  crust,  and  therefore of 

changes  of  pkytieal  gtogfapkyy  marked  by  uncoolormitij  of  stmta  \ 

mate,  marked  by  apparently  abnipt  changes  of  specie*. 
Then  have  bean  the  periods  ol  the  earth's  history— pe« 

of  revolution  and   rai  B.     JJut  for  that   wr 

also  periods  of  lot  ■'  I  ready  spoken  of  the  lost  inter- 

ral  at  the  and  ol  the  Archsoan,  en  idently  the  greatest  <■(  all ;  njnun, 
iosi  interval  at  the  end  of  the  Palaxraoic,  partly  recovered  Per- 

in ian,  evidently  the  next  greatest;  again,  of  a  lost  interval  at  the 
of  the  Crete'  a  Lirgo  measure  recovered  in  the  Laramie  * 

There  are  doubtless  many  others  of  less  extent-     These  periods 
always  marked   by  unconformity  of   the  strata  and  change   in  tht •  life- 

nystem.    The  old  geologists  tegar  changes  as  and 

cataclysmic.     All  bl  now  regard  the  suddenness  aa  largely 

parent,  and  the  result  of  fast  record. 

Now,  ill,-  Quaternary  is  also  a  critical  parted.    It  ec 
with  one  of  the  lost  intervals;  only,  in  this  case, on  account  of  its  near- 
ness to  us.  the  record  has  '  m  ltluI.      13 
therefore)  wt  maj  bops  to  solve  man}  problems  which  have  I 
pooled  iif.    Hare,  for  example,  ■■•■<■  have  o.-cilliitionsof  the  crust  a 

grand   Scale,  producing  groat   changes  of  physical   geographj 

mate,  and  therefore  of  fauna  and  flora.    Here  wi  lforuiitv, 

now  being  produced   hy  sedimentation  on  old  eroded   hnid-surfa<  • 
:ill  the  region  affected  by  the  oscillations — marine  sediments 
and  river  sediments  in  old  river-channels.    Hut  wo  oh  it  in  tin* 

case  these  effects  have  been  produced  slowly,  and  that  the  fauna 
flora  have  not  been  suddenly  destroyed  and  suddenly  recreated,  but 
have  continued  to   live    throughout,   the  spwics  gradually    ofc 
I'm.  what  is  still   more  interesting,  much  light  is  thrown  also  on 
hitherto  insoluble  problem  of  the  mode  and  the  cause  of  the  com 
lively  rapid  change  of  species  in  these  critical  periods.     The  a 
Study  of  the  Quaternary  shows  that,  In  addition  to  the  direct  a) 
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eluuigeof  climate,  one  great  cause  of  change  of  species  has  bee 

.   migration  north  and  south,  mtforetd  by  change  of  temperature; 

1iii.11  in  an;.  direction,  permitted  by  change  of  physical  geogr:< 
Tins  point  is  so  important,  that  wo  must  explain  it  somewhat  fullv. 
It   will  lie  remembered  (p.  1507)  that  in    Miocene  times  Greenland, 

Iceland,  air  1  Spitsbergen,  wen  itn  a  luxuriant  tempt 

vegetation.  n  of  their  voget  itios  at  that  time  arc  brand 

now  in  California, along  th  of  the  southern  Atlantic  State*,  end 

in  Boathara   Europe.     Evidently  :tt  that  time,  then:  was  na  polar 

.  and  therefore  no  arttio plant*     At  the  end  of  the  Pliocene,  the 
vegetation  shows  nclimati' r»<i  tifferfng  from  the  proaont.    it 

w  probable,  therefore,  that  tin-  cold  bad  increased  until  an  [i  Map  had 
formed,  m di  I :  .;  in  polar  regions,  with  it*  accompaniment 

of  aratie  medQB.  As  the  Glacial  epoch  came  OB  and  culminated,  the 
polar  ice  slowly  extended — it*  margin  crept  slowly  southward,  until 
it  nil'  bed  I''  is  America  and  50°  in  Europe,  with  local  extensions 
stretching  still  farther  southward,  in  mountain  regions    ] 

polar  regions  were  probably  similarly  affected,  either  simultaneously  or 

alternately. 

We  it  confound  this  movement  southward  of  the  southern 

limit  of  the  ice  with  the  ewffWJU'  motion  of  the  ioe»iheet  itself. 

limit,  of  the  ice-cap  is  like  the  lower  limit   of  :i  glacier  1  [>   it  >.      Il 

inury,  or  advancing  or  retreating]  but  the  glacial  stream  Hi 
ever  onward.     Again,  the  motion  of  a  glacial  current  is  slow — peril 
one  to  three  1cet  per  day — but  the  extension  or  recession  of  the  gll 
limit  is  far  slower,  perhaps  a  few  feet  per  annum.     We  may  fchl 
appreciate  the  immense  time  necessary  to  advance  this  limit  of  the 
cap  to  40"  latitude. 

At  the  end  of  the  Qhuasl  and  tin-  commencement  of  the  Champlain 
epoch  a  movement  oi  limit  in  a  contrary  direction — a  r<  1 

iiward — commenced  and  continued,  with  perhaps  some  alien 
progressions  and  regressions,  to  its  present  position. 

Now,  the  effect  of  this  advance,  and  retreat  of  polac  tee  upon 

and  animals  must  have  been  very  marked.     T  n  i ants,  inhabit- 

ing Green  hind  in  the  Miocene,  lied   tO  thfi  chores  of  the  Gulf. 

Arctic  plants— L  e.,  those  which  haunt  the  margin  of  perpetna]  ice— 

were  pushed  to  Middle  United  States  and  to  Middle  Burope;  and  arc- 
hells  were  similarly  driven  southward.  >  ton  after  gen- 
eration. We  say  tlowUf,  for  otbi  rwiea  the]  must  have  been  destroyed. 
With  the  return  of  temperate  conditions,  and  the  retreat  of  the  ioe- 
cap, these  species,  both  shells  and  plant*,  again  went  northward  to  their 
appropriate  place.  Hut  the  plain  ipeo4ee,aiid  some  land  inu-rtebrate 
species,  such  as  insects,  bad  an  alb  which  the  shells  had  not, 
viz.,  to  seek  arctic  conditions  alao  upward  on  mountains.    Many  did 
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so  and  were  loft  stranded  there.  Thus  is  explained  the  rerunrkabli 
(hat  .Ujiute  ]/l:int-.-jii'd..'!4  in  Boropc  lur  to  and  largely  identical 

with  those  in  America;  and  both  with  the  present  arctic  species. 
indicate!  a  former  vide  dieti ibation  of  identical  ami  a  nil  over 

rape  nnd  Am  nbseo,uent  retreat    northward  into 

]iol:ir  regions  and  vpwtrd  int.-  Alpine  isolation.  Groto  has  obs- 
a  similar  isolation  ol  Labrador  innoot^pookll  on  Mount  Wash  in; 
and  on  the  Colorado  mountains.* 

Tiiera  was  probably  I  similar  movement,  to  a  less  extent ,  of  ttop  r- 
ate  spades.     In   the   Taxodium  of  tin  n  Atlantic  and  Dull 

swamps,  and  the  N^uoias  of  California,  we  doubtless  have  examples  of 
spool  I    a  Mioceno  times,  which  have  boon  destroyed 

these  olimatia  abanges,  excapl  in  oertain  limited  areas. 

lint  plants  mid   lower  speoiea   of  animals  are  far  h 

are  the  higher  species  of  animals. 
This  is  shown  by  :«  both  in  space  and  time  of  the  foj 

as  compared  with  tin:  latter.     Under  these  great  changes  and  colon 
migrations,  therefore,  plants  and  invertebrate  anim til  B]  ;.  in  rained 

their  specific  characters  mostly  unchanged,  or  bat  slightly  cltanged. 
lint  in  the  case  of  mammals  destruction  or  change  was  inevitable. 
Ituth  til!  nction  of  some  and  change  of  the  remainder. 

In  America  some  tunc  during  Quaternary,  perhaps  during 
period  <-r  north)  m  was  probably  a  broad  land-con- 

nection of  North  America  witi  Bonth  America  bj  the  <  aribbean  Sea 
region}  and  certainly, at  shown  by  'I"*  similarity  of  pie 
ern  Asia  by  tho  region  bctw-. ■•  D  the  Aleutian  Isles  and  Bering  Strait 
Thus  migrations  were  not  only  enforced  by  rittmatie  changes,  but  |>er- 
miltcd  by  geographical  connections  with  adjacent  CO     i 
the  great  PlioOl  foe  lake  1.U00  miles  long  (p.  506)  which  separated  West- 
ern from  Eastern  North  America  was  nbolished,and  migrations  became 
fii-i-i-  between   the   East  and  West.     It  i-  evident  tliat   from  all  these 
causes  msazunaJlao  faunas  from  widely-different  regi 
tared  upon  each  other,  nnd  struggled  together  for  miftery.     I. 
numbers  of  species  were  destroyed,  and  the  fittest  only  survived,  and 
these  only  under  changed  forms,     it  i>  qnil  ;it  man  came 

to  America  with  the  Ariatio  mammalian  invasion.    If  so,  his  earliest 
ins  in  Untriea  may  be  looked  for  ou  the  Pacific  coast 

Of  course,  we  use  tho  word  migration*  in  its  widest  sense,  as  change 
of  habitat  of  spe  fell  as  of  individuals.     In  the  case  of  plan ts 

and  niauy  lower  animals,  the  place  of  species  only  moved  slowly  | 
generation  to  generation.     In  the  ease  of  mammals  there  was  more  de- 
cided movement  of  individuals; 
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Thia  very  important  subject  has  boon  moro  closeh  In  Europo 

ihuii  bare,  although  in  believe  that  America  is  the  simples!  and  best 

:  i'.r  irs  elucidation.     During  the  Quaternary  probably  8l  lent  four 

BO  faunas  struggled  together  for  mastery  on  European 

•  nut.oohtlH.nc5.     2.    Invasions  from   Africa,  j»<-r- 

mlttad  by   geographical  comu  gateway  through  the 

terranaan,  rinoe  el  i  ■  •  ■  I  -    3.  Invasions  from  Asia,  by  opening  of  a 

gateway  which  has  remained  opw  BYW  llnoe  |  with  this  invasion  prob- 

ably  ciuno  man.    4.  Invasions  from  aretn-  Probably  more  than 

one  such  invasion  took  place;  certainly  one.  occurred  during  the  second 

Glacial  •-■} h,  called  on  that  aoooont  the  Keindeei  \-  m  l. 

The  final  result  of  all  this  struggle  was,  that  tin  no  autoch- 

thones were  destroyed  or  driven  southward  in  Africa;  the  -ontliern 
tea  wen  moaflj  destroyed  or  driven  back  with  changed  forms  and 
diminished  size;  the  northern  specie*,  reindeer,  glntton,  I .•!•.■..  rati* 
again  northward,  and  the  Asiatics  remained  in  possession  of  the  laid, 
but  greatly  changed  by  the  straggle.  Man  was  among  these,  and  cer- 
tainly one  of  the  principal  i  the  change,  Speaking  more  ac- 
Bnrataly,  the  present  fiiana  of  Bnrope  may  be  said  to  be  a  product  nf 
all  these  factors;  but  the  Asiatic  invasion  seems  to  be  the  largest  factor. 

*1  litis,  then,  the  gradual  progress  of  erolntkm  SirongB  all  gaologka] 
-  causes  of  the  phenomenon  of  rapid  change  of  spa  16 
Eodl  of   the  earth's  history,  in. iv  ummurized  as 

follows : 

1.  A  gradual,  ixlrtmtly  sloio  evolution  of  organic  forma  undej  tlie 
operation  of  all  the  EOieai  and  factors  of  evolution  known  and  un- 
known,   whatever  we    may    conceive    tlie-r     to   lie.      This  cause  acting 

elono  would  produce  gradual  changes  in  time  (geoJogioal  nnmaa),  but 

without  geographical  diver 

'2.  Thia  alow  evolution  takes  different  directions  in  different  places 
and  ander  different  physical  conditions^  and  thai  givea  rise  to 

phicai  faunas  and  floras.  Such  geographical  faunas  and  floras, 
if  is  •.  physical  barrier.-,  beoomfl  DION  ud  m ore  diverse  so  long 

as  the  barriers  are  maintained.     This  cause  acting  alone  would  produce 
extreme  geographical  diversity,  ami  render  detarminaftioB  of 
nism  impossible. 

3.  During  critical  periods  physical  rhmnjes  and  conseque 
lions,  partly  enforced  by  changes  of  climate,  partly  permitted  by  re- 
moval of  barriers,  and  the  precipitation  of  adjacent  faunas  aud  floras 
upon  each  other,  ami  the  ooncsment  n'v.re  struggle  for  life,  giro  rieo 
to  far  moro  rapid  changes  of  ttpca'e/,  but  tit  the  same  time  to  greater 
geographical  tmtftrmitg.    This  moro  rapid  change  of  oi  -rms 

is  produced  partly  by  sererer  pressure  of  paternal  wNrfi/iws,  certainly 
one  factor  of  change;  partly  by  severer  slrugo'  J  an- 
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total  of  change;  ami  doubtless  partly  alio  by  the  moren 
i  of  other  fatten  vf  change,  which  we  do  not  yet  understand, 
cause  tends  t©  produce  not  only  mora  rapid  general  i  ■•• 
but  aba  to  destroy  extreme  geographical  divert'.!  jwr- 

on  animals  rather  more  thuu  plant*,  plant  sp  more  apl 

;il.  and  am  Lees  certainly  carried  along  with  the  stream  of  general 
ition,  and  are,  1 1 1 ■  e  in  determining  geological  age 

mi  nials. 
4.  Bs*iBolaiiont  En  new  positions.    This 
genco  of  geographical  faunas  and  Bona  increasing  with  time,  as 
as  the  isolation  continue.!.     Thus  it  ia  Been  that  geographical  div<  r 
i.-  a  product  of  three  factor*— viz.,  difference  iff  9H  /ion, 

n ml  limu. 

ill.  base  critical  periods  was  the  Qui  Therefore  in 

the  changes  of  physical  geography  and  climate  of  tl  i  I  we  find 

l\n-  intn,<  ■■<<  use  of  the  prt-scnt  di.itr<  and,  con vc: 

tin:  difltribnliOB  furnishes  the  key  to  the  geographical  changeB  and  the 
din  i-i inn  of  migrations'  (hiring  the  Quaternary. 

'I'li>-  |ii-in.'i|iles  enumerated  above  are  so  important,  that  some  ex- 
amples illustrating  "in  t„ 

Banna  and  flora  of  Australia  are  the  most  pe- 
onliar  known  anywhere,  fun  fining  our  attention  to  mammals;  of  about 
one  hundred  and  thirl  m  known  in  Australia,  all  except  two  or 

three  bats  and  rata  (of  all  animals  the  most  likely  to  be  accidentally 

introdu I) are  funeftartiitiih,  I  v.,  mortupidU  and  monotremta.    And, 

moreover,  with  the  exception  of  several  opossums  iu  Americi,  North 
and  South,  non- placental*  are  not  found  anywhere  except  in  Aub- 
tr&lifl  and  neighboring  islands.    The  explanation  is  as  follows:  Of  all 
Countries,  Australia  lias  been  the  longest  isolated  Emm  all  other  I 
nents.     The  wide  migrations  of  the   Quaternary  which  mingled 

as  and  Aran  of  other  continents  did  not  reach  Qua  one.    it  will 
be  remembered  that,  in  Jurassic  times,  marsupials  in  great  numbers 
inhabited  Europe  and  America,  and  doubtless  all  other  great  <  i 
nents,  Australia  among  the  number.     It  will  bo  remembered  also  that 
true  placental  mammals  were  not  Introdnoed  rtinry.     It  is 

evident,  then.  Unit  Australia  was  separated  >»  d  has 

been  isolau-d  ever  since     The  severe  struggle  which  detenu    m 
evolution  nf   pku-entals  elsewhere  did   not  iffeet  that  continent     r la- 
centals  Mere  not  evolved  there,  nor  could  they  get  there  from  abroad. 

2.  Africa.— The  mammalian  fauna  of  Africa,  south  of  Sahara,  as 
Biiowu  \>\  v,  I  i  Island  Life),  consist  of  two  very  distinct  groups— 
vis.,  a  group  of  small  animals  of  very  generalized  type — iusectivoreeand 
lemurs;  and  a  group  of  large,  powerful,  and  highly-specialized  animals 
— carnivores  and  herbivores.     The  animals  of  the  former  gr< 
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peenliai   to  Africa  and  Madagascar  probably  indi  the 

animate  nf  tfru  latl  ap  are  aimilar  to  the  PUocono  animals  oi 

rassia,  and  are    probably   invaders.     The  explanation  is  as  follows: 
huiing  late  Tertiary  times.  Africa  mruted  from  Eurasia  prob- 

ably by  a  sea,  and  inhabited  only  by  the  group  which  we  called  in- 
inea    Then  came  the  Qlav  ial  on  illataoni,  which  <jj>t>nuil  u  gateway 

[&tQ   Afri'  .1.  ami   iho  QODOOmitanl   climatic   change*  which  drove  the 

:  nan   Pliocene  animals  southward.     Than  invaders  soon  di 
nated  the  weaker  Indigenes  ami  were  subsequently  isolated   in   their 
I  1. me.     The  struggle  which   followed   bus  produced  <  1 11  i.-ii ("Tiiblu 

change  in  l>oth  groups,  bat  especially  in  the  indigi 

:;.     Ifotfayasewr.— The  man  fiuiuu  of  Madagascar  it  very  rc- 

■ ;  nearly  al  1  the  apeeieebeing  peculiar  to  tlia  Than 

is,  however,  a  general  resemblance   to  llie  indigenes  of  Africa.     The 

explanation  is  as  follows:  During  T-arl  nee,  Madagascar  was  a 

|wrt  of  the  African  Continent,  ami  b"tli  inhabit'  d  by  the  same  animals, 

viz.,  tin.-  indigenes.    Hat  in  Pliocene  fcumee,beibro  the  northern  inva- 

.  it  was  -  and   therefore  the  imasion  did  not   reach    it. 

Koaowbilebj long  illation,  the  M .  1 1 ;  1 : - .  1  - 1 ;  1 1 1  fauna  changed  slowly  to 

its  present  Btatc,  but  the  change  was  not  so  great  as  in  their  African 
congeners,  who  bad  to  b  a  the  brunt  of  tl  ule  with  invaders. 

Therefore,  we  have  in  the  Malagasian  fauna  a  somewhat  nearer  ap- 
proach to  the  Tertiary  fauna  of  both. 

•i.  British  M$$. — The  fauna  and  Son  of  the  British  [alee  are  almost 
but  not  quite  identical  with  those  of  Europe.    Between  the  two  I 
are  strong  varietal  but  not  specific  differences.    They  are  also  some- 
what less  rich,  some  species  being  wanting  which  are  found  on  tho 
continent.     This  is  especially  tine    'if   Ireland.      The  exphmai  [on    is  as 

follows:  The  climatic  changes  of  the  Qtaouti  epoch,  and  <  specially  the 

submergence   of  the  Chumplain   (Fig.  842)   Completely  destroyed  the 

i  theaa  islands.     Bat,  during  the  Terrace,  1 

were  n<<.  By  oonoectod  with  the  continent,  and  therefore  COlo- 

nixed  by  continental  species.    They  have,  been  agail  «i ed.  and 

divergence  of  organic  forms  bus  a^u in  OOBUnenoed;   but  tb«  period  OJ 

.11  was  so  brief  that  the  oolonuH  peeiaUj  in  the  extreme 

ta,  was  not  completed  before  re- i solution ;  and  the  time  since  re- 
t»>  short  for  the  divergence  to  go  very  far;  it  has 
reached  only  varietal  differences. 

i>.  Ooani  Island*  of  California, — Along  the  ooaai  of  the  southern 
part  of  California  there  is  1  -rring  of  bold,  rocky  islands,  two  thousand 
feet  high,  and  about  fifty  miles  off  shore.  The  Bora  of  these  islands, 
at  shown   by    Prof.  Greene,*  is  very   rem  1  1  If  nearly  three 
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hn&dxed  fifty  en  entirely  peculiar—  I 

found  n i  t  ho  world.     Of tho <  arc  cha» 

California  speOMB.      Wow   for  the   I  Dating   Utt  Tertiary 

end  earlj  Quaternary  times  she  continent  wns  high 

lands  wore  a  part  of  i  ':■ 
nf  Qua  too)  on  page 563.     Daring  thai  time  <  alifornia,  inolading those 
islands,  was  occupied  bj  a  Bora  not  greatly  different  From  that  of 

inlands  now.     Bj   the  ■'■  'illations  of  tin-  Quaternary  tin-  i.-duel- were 
inn   camo   thu  northern   invi- 

some  of  them  ud  destroying  others, and  forming  thai 

fornia  flora  of  to-day.     The  islands  wore  spa  nil  this  inTS  *nU- 

lt  U  ).i  in  the  itkmd  il^ra  we  have  a  t> 

what  naai  approach  to  tho  flora  of  California  on.* 

rims,  then,  regarding  i he  Omtmoic  and  the  Modern  as  const*- 
eras,  and  th«  Quaternary  ua  tho  transitional,  r  critical 

period  between,  *w*  sea a>  great ,  and,  if  wo  had  lo  nary,  an 

apparently  ..«</>/,„,  change  of  Species.     Yet  this  change,  as  great  u  it 

iajU  boj  ompared  in magnitnde  with  that  whioh aoparatei 

great  eras  or  even  ages  from  each  other.    Bi  Edenl  fore,  we  mmst 

regard  the  lost  interval  between  tha  Ln  'I  Paheoi 

ln-twoi'ti  the  Paheozoie  ami  Ma  a,  area  ■•• 

zoic  and  Onozoic  (as  small  as   tl  ;  :.>  in  oomporiaon   I 

!■.-:),  as  all  of  them  r:ir  greater  than  the  whole  Quaternary 
oz  aba  tli.-  tomes  of  evolution  mnst  have  been  far  mora  active  in  >< 
earlier  times  than  more  recently. 

4.  Drift  in  Relation  to  Gold.— Wo  have  already  stated  (p. 

gold  occurs  in  two  positions,  either  in  ■|\iart::-'.ems  intersecting  i 
morphic  slates  (qimm.-mine.s)  «.r  in  ilrift-gram ■]*  tplae.r-niines).    Tla 
auriferous  slates  maybe  of  various  ages.     In  the  Appal 
inui  in  the  Oral  Mountains,  and  in  Australia,  the  slate  or  schist  i« 

melamurp hie  Silurian.     In  California  it    la  .lura-Triii.*.     Tl 
gold  deposits  arc  everywhere  Quaternary  dnft^frai 

There  has  been  throughout  all  geological  time  a  progressivi 
oantratioa  of  gold,  as  well  as  many  other  metals,  in  a  more  and  n 
available  form :  1.  It  was  first  disseminated  in  •  Ij  small  ipian- 

titiea,  too  small  to  be  detected,  through  Oti  derived  donhl 

from  the  sea.  in  the  waters  of  which  it  ia  detectable  in  very  small  quan- 
ritiex.    2.  After  the  upheaval,  rrumpling,  metamorphisiu,  and  fiasui 
Of  these  dates,  the  gold  was  dissolved,  uml  accumulated,  with 

silica  and  metallic  sulphides,  in  those  fissures,  as  auriferous  vi 
Atmospheric  agencies  acting  on  these  ontoropping  veins  dissolved  away 
the  sulphides,  and  left  the  gold  in  a  still  more  available  form  al 
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b«ck3  of  tlie  veins.     4.  Then  came  the  ice-sheet  ami  lib 
tin'  Qpaternary,  like  a  plow,  cutting  away  the  backs  of  the  qui 
veins,  together  with  the  containing  -nates,  and  mill,  grinding  nil 

to  gravel,  aud  heaping  it  away  in  moraines,  >'>me  of  the  placer-mines 
are  in  these  moruiii'-.  |IU(  ■;,,.  gold  baa  been  subjected   to  still 

another  process.  5.  Lastly,  in  the  Champlain  epoch,  the  rivcr-fioods 
washed  these  moraine  heaps  down  I  .  Hurting  tln-rii  ami  depodl 

ing  where  the  velocity  of  t  i  i  diniinUhrd.     These  river-gravels, 

thus  sorted,  cradlod,  patinrd   by  the  lOtiOD  fore 

with  the  ooarse  gold  m  attorn  and  higfa  ap  the  gulches,  oan 

tote  the  riaheet  ptacer-mines. 

The  placers  of  ('  .  are  of  two  kinds,  viz.,  the 

nary  or  snpcrticiul  placers,  and  the  deep  pl<ic-r.<.    The  superficial  plai 
are  gravel-drift*  in  the  present  rifer-beds.    The  de*-p  placere  an  gravel* 
drifts  in  old  ■  TheN  old  river-beds,  aa  already  suited  (pp, 

i,  arc  in  many  QBtea  rovm-d  up  with  lata-     I'sually  the  ge&atal 

direction  of  the  old  bad  ooinoidea  with  that,  of  the  present  rtrer-ejstern, 
botaometunei  the  present  river-system  outs  aaroeB the  old  river-system. 
In  all  cases,  however,  it    19  evident' that  the  old  river-gravels  were 

formed  before  the  lava-flow,  and  the  newer  gnrvali  after  the  bvra-flow. 

In  all  cases  also  the  present  rif8MTBtoni  hag  cut  down  far  Mow  the 
aid  beds,  in  this  Tt  nrrlv  different  from  the  old  rlTOT-hedl  "f  the 

eastern  portion  of  the  continent.  The  reason  of  this  has  already  been 
explained  (p.  D 

The  following  Bgarea  are  (deal   Motions  altered  a  little  from  Whit- 
ney's:  Fig.  flt;.r>,  of  a  case  in  ahi)  h  toe  old  and  the  present  riTer-beda 

are  parallel  to  each  utlur  :   Pig,  D66,  when  the  Itrtcr  cut  through   tin- 
former.     In  the  former  chso  the  section  is  across  the  lava-flow,  as  well 
as  across  the  river-beds;  in  the  latter  0BB9  it  is  in  the  direction  of  the 
lava-flow,  and  therefore  of  the  old  river-bed,  but  aerosa  the  pre 
river-bed. 

In  Fig.  '.'O.'which  is  a  section  across  Table  Mountain,  in  Tuolumne 
County,  CalitOl  oia,  /-  is  the  lava-cap,  140  feet  thick,  beneath  which  is 
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river-beds.  If.     In  this  lou.lii;,  h  represents  the  deep  placets, 
<!'  the  BOpi  rlieial  pluc  i    . 

The  history  of  changes  shown  in  t)  kma  is  sufficiently 

in  tin-  time  nf  tin'  i.iii  i  it-ImkI,  doubtlcfii 

with  a  ridge  on  either.  Bide  represented  by  the  dotted  lines.     In 
miniated  gmveU  containing  gold.    Than  came,  the  li 

which  of  course  ran  down  the  Will  tttg  the  rivi_>r  and  OOVerfflg 

up  the  gravels.    The  displaced  rivers  bos  ran  on  either  nd 

'  lava,  and  cot  i»ut  new  valleys,  i.ixxi  ft  .  in  the 

hi  I.iv;i-,i.\'rivil  rirer-bodsand  their  anriferona  gn 
i  ridge.    Tha  deeper  oattlng  ma  the  result  of  thi 
slope.      In  other  caseii   the  convulsion  whii 

changed  greatly  the  direction  of  the  elope  of  the  count rv,  and  there- 
fore the  direction  of  the  streams.    In  such  case-* 

-M<:i'iu  .  -  the  old  river- buds  and  grarels,  and  their  cover- 

..ivua,  ua  shown  in  I 


Fiu   we  -lji»n-Stn>»m  mi  ihroaiih  by  Ri  ■,■■»•■•  o.  n.  inuaii:  mlc  -.»*..-»:  t 

.v.  ./.  OraUO  'IIkcUou  of  ilir  i>ld  rtrgr-btd;  /?',  if.  rcvlivu*  of  tint  |cch-hi 

r-UwIe  irruui  Wliitnc-y). 

Age  of  the  River-Gravels.    To*  age  of  tlie  old  rivfr-gnivois  is  still 

doubtful ;  thai  Of  the  newer  river-gravels  is  undoubtedly  Champl&in  or 
early  Terrace.    Below  we  give  a  list,  taken  from  \\  I  there- 

mains  found  in  these  gravel- 1 

QVMI  ma«todon. 

lama 

i '-nn,  modern. 
Bane,  tiiudem. 
Man's  norkn. 
(  'Jrtat  mjuU>Uoa.* 

Hj  i..... 

Tapir,  mo-lcm. 

Rlilnocero*  (aJ 

|»<-tmun  lulls  > 
Cnmel  (all*  I. 
Ilorai',  i-iw. 


Kern  piaccm. 


Deep  ptosis. 


Tt  will  be  seen  that  the  fauna  of  the  deep  placers  unite  P13 
and  Quaternary  i  ra.    The  grcai  d,  the  mammoth-,  ths 


•  Wliltney  natc*  (Geological  Rurvcy  of  Cnllfnrnla,  i<!    i.  r-  8*2)  tint  nt-lttx-r  tbt 
mastodoa  nor  ibe  mammoth  i«  found  in  deep  bat  both  ban  line*  bets  (omul 

Ik  h 


tapir,  and  mylodon,  aro  ilisttnctively  Quaternary,  while  the  often  are 

1'ln  auts,  according  to  Lesquereux,aro  decidedly  i'lioccne. 

Therefore  Whitney  has  not  only  pal  the  deep  piaoan  in  the  r 

bat  iniul«  them  the  representative  of  the  whole  Pliocene,  and  probably 

Min< -'in',  ami  tho  lara-flow  as  the  dmding-liae  between  tin:  I 

and  Quaternary.    Hut,  all  the  beta  eonaidered,  it  seems  most  probable 

thut  both  tin-  tilling  of  the  obi  river-beds,  and  their  protection  by  lara, 

k  place  comparatively  rapidly,  and  were  together  the  i 
q|  the  'i  Irana.    Thi    lieep  gravels,  .v.-  be  pb 

indifferently  in  the  lalett  Pliocene  or  earliest  Qoatarnary.    She  newer 

gravels  are  undoubtedly  (Quaternary  an<l  recent.  Certain  it  la  thai  the 
.  ravels  aro  similar  in  all  res]>ecta  to  the  Quaternary  gravels 
all  ov«-r  the  woriii,  except  that,  by  percolating  alkaline  watt  n  oon  tain- 
fug  dlli  a,  the;  have  been  oemented  In  tome  eaeee  into  grits  and  con* 
glurneratca.  This  is  because  they  are  covered  irith  lava  which  yh 
both  the  alkali  and  the  soluble  silica,  as  already  explained  {]•■  *•'  's>- 

In  an;  ease,  we  have  hen  ao  admirable  Ulnetratioii  oi  the  inunan- 

ieal  times.     Tho  whole   work  of  cutting  the  hard  date- 
is  i.ouo  feet  or  more  has  been  done  since  the  lava-flow,  and  therefore 
dydnce  the  beginning  el  the  Qnatenurj,    Bat  it  is  nee- 
ton-  that,  on  account  of  the  liigh  slope  of  the  new  river-beds, 
the  work  was  exceptionally  rapid. 
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Characteristics. — The  Quaternary,  and,  indeed,  all  previous  ogee, 

were  reigns  of  bruti  force  and  ituuiml  ferocity.  A  condition  of  tilings 
prevailed  which  wi  it.  with  the  supremacy  of  niun.    The  age 

of  man,  on  the  contrary,  is  characterized  by  t  i  a/  mind.    There- 

fore, as  was  necessary,  the  dangerous  animala  decreased  in  size  aud 
number,  and  the  useful  animals  and  plants  were  introduced,  or  else 
preserved  by  mi 

Distinctness  of  this  Era-— In  regard  to  tho  distinctness  und  impor- 
tance of  this  i»ra,  there  are  two  views  which  will  probably  ever  di 
geologists,  depending  on  the  two  w<     -  the  relation  of  man 

tat  tire.     From  the  purely  structural  ami  animal  point  of  view,  man 
is  very  closely  united  with  the  animal  lci:i  lie  bee  no  deparan 

of  bjeown,  hut  belongs  to  the  vertehratc  depaitnient,  along  with  quad- 
is.  buda,  reptiles,  and  fishes,     lie  has  uo  class  of  his  own,  but  be- 
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longs  to  the  mmnlia,  along  with  quadrupeds.     Neither  Has  he 

an  order  of  bis  <•  age  to  the  ordor  &.  as,  along  with 

eto.     Btso  u  family  of  bia  own,  the  Hominidm,  a 

.'in^Iy  admitted  by  some.    But  from  the  psychical  point  of  tiew 

; •  1  v  Impossible  to  uvcro.-uimate  t ho  space  winch   svparwtes  mau 

from  all    ton  _>.      Man  must  be  Bet  ofl  not  only  against  the 

animal  kingdom,  but  against  th  af   Nature  besides,  ai  aii 

N.itim-  tli.-'  took  —  the  ttn  and  man  il 

far. 

Bo  in  il"  lii-tory  of  the  earth  :  from  one  point  of  view  the  erarif 
man  is  not  equivalent  to  an  era,  nor  to  an  age,  nor  to  a  period,  nor  even 
to  an  epoch.     But  from  another  point  of  view  ii  eqniralei 

whole  geological  history  of  the  earth  besides.    For  the  ! 

■'.-•  coruva  and  U$  inter. 

significance,  in  rutin. 
Bol  there  is  Btfll  another  and  perhaps  a  h. 
reason  for  making  this  a  primary  division.    There  in 
now  going  on  under  our  eyes,  and  by  tho  ugen 


Flo.  9(57.— ninrtrnl»elr*ntMt«  ■  ^  (from  •  pho- 
UiKrsvh  of  »  •Wrliliui  In  Ctf  iplcliur  h  Mu- 


Pia.  88S.-Apt»niii  didlformU.  *  ,\  fTK»  * 
i>In'tocra|>li  of  ■  rk<'k'itia  ID  Canaiciwta 
Muwiun.  New  Zolault. 


man,  a  change  of  fauna  and  flora  as  sweeping,  and  far  more  r. 

than   in',  whiofa   has  ever  taken   place  in  the  history  of  the  earth. 

do  not  sufficiently  appreciate  this,  only  because  we  are  in  the  mid*t  of 
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liu'  ohango  will  be  completed  whan  civil  ized  inau  dominates  tho 
whole  earth. 

llir  rocka  of  this  epoch  are  the  preaent  river-deposits,  lakc-deposita, 
SOa-deposita,  volcnuii    i-j.-.-t.i. .us.  »'!«-.,  already  treated   r.f  in  I ' : i ri   I. 
fauna  and  jfitrtt  of  this  epoch  art.-  the  species  still  livintj  on  the  earth. 

These  an  different,  from  those  of the  Tertiary!  and  largely  from  !:..-■■ 
of  the  Quaternary,  t i m*-^ ;  but  the  eimnire, »-.- .  w.  Ireadyihown, 

has  been  gradual,  not  sudden;  man  hinuelf  being  one  of  the  bhief 
its  of  oh  inge. 

The  Change  still  in  Progress— Examples  of  Recently- Extinct  Species. 
— Tho  gradual  change  tti  lamia  has  been  going  on  through  many  .1 
ami  is  still  going  on  onder  onr  fiyea     Many  remark;! 
Quaternary  species  have  lingered,  Bad    beCOQM  extinct  OJ 
the  agency  of  aw  in  bistcri  Among  the 

most  remarkable  of  these  are  the  huge  wingless  birds,  the 
remains  of  which  have  bean  discovered  la  ffi  ■  Zealand) 
Madagascar,  and  Mauritius,  tin.,  the  Dlnoni  bird)) 

thi*  (tall  bird),  I'diapifDit  (old  Kinglets  bird),  the 
Solitaire,  and  the   Dodo.    Throngs  the  kindness  of  Mr. 

0.  1>.  \  OJ,  1  am  able  bo 
good  figures  of  tho  skeletons 

of  several  of  these  extraor- 
dinary extinct  birds,  taken 
from  photograplis  (Figs. 
.    .    068). 

The  D(t$omi$  gxganUiu 
of  New  Zealand,  and  the 
Mpi  Bfndag  1 

were  probably   twelve  feet 

bjga.     The  tii.in  <>f 

forni'  u  Eonnd  near- 

ly a  yard  long,  and  as  thieh 
M  the  tibia  of  a  horse,  and 
the  e^g  of  the  latter, 
preserved,   thirteen    inches 

long  and  nine  inches  in  di- 
uite  irr,  with  11  capacity  of 
two  gallons.    The  toe-bones 
of  tie  •  (r'ig-  96*9)  rivaled  in  size  those  r.f  bant 

(Owen).     Theeo  huge  birda  must  hare  been  capable  of  making  ti 

rly  aa  large  as  those  of  the  supposed  birds  of  the  OoUV 
sandstone  (p.  466).     Such  tracks  havo  itidood  been  recently  found  in 
Zealand,  in  a  very  soft  sandstone.     The  Dodo,  of  Mauritius,  a 
hoary,  clnmsy  bird,  of  fifty  pounds'  weight,  with  loose,  downy  feathers, 
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and  imperfect  win  |  new-born  chi< - "k . •  1 1 .  bflCUM  i  uotn 

L80or200bui  ■•.  hich  of  ull  living  i 

mil,  Aptorni4,  etc.,  are  most  nearly  allied,  still  survives,  reudj 
to  disiij.]"       |  WO). 

The  Bot  primigi  mut,  tita  gigantic  ox  ol  Qjiaternar 
posed  to  bo  tbo  same  as  ths  L'rus  of  Ctesar,  ami  kharoxori 


>< 


>'Z\ 


Pio.  VX>.  -  Aplvryr  Ao«>  I 

Urn  i    -i:i. -c    {toman    timet.     '1  v    bison  of    Rnropn  would 

have  ho  itinct,  but  for  the  imperial  edict  ■•■• 

Berrea  a  few  in  the  forests  of  Lithuania.  The  lioo,  tha  tiger,  the  bison, 
ili.  elephant,  and  the  rhinoceros,  and,  in  bet,  nil  the  Barear  and  larger 
animals,. -in-  eTen  now  disappearing  before  the advance of  i  man. 

Thus,  in  passing  from  geological  to  present  t-imee  we  trace 
into  eediments  and  soils ;  geological  into  chemical  ad 

al  Bgi  iicies,  now  in  operation;  extinct  faunas  and  floras  into  th> 
ing  fauna  and  flora ;  in  a  v  logy  into  chemiatry  and  phjsica,  and 

paleontology  into  eoology  tad  boianj 


ANTIQUITY    09    VAN.  iii.7 

Now,  in  this  gradual  ohange  of  fauna,  wktn  did  man  first;  appear 
upon  till'  souiiv,  ft] 

introduces  u  to  two  warj  important  bnt 

I. — ANTIOJITY   OF   31 

On  t  reatijag  subject  the  three  sciences — History,  Arehsaology, 

and  (jeology — meet  ami  oo-open  •  u;  rapid  advance  hfti 

iKiiini,  ami  especially  of  the  application  r<f  geo- 
logical methods  of  reees 

Archaeologist*  have  long  ago  di\  of  human  civilisa- 

tion into  throe  epochs  or  age*,  Darned,  from  the  material!  of  which 
weapons  and  tools  are  Bade,  respectively  the  Stow 

and  tin'  /(■<//.  ..'.,■.     w'o  are  hen  oonourned  only  srfth  the  stone 
ago;  the  others  belong  to  history. 

Closer  study  has  again  divided   the  Stone  age  into  fcwOj  via 
PaUeelithic  (old  Stone  age)   and    the    \--oUtItu--   (newer   Stoi 
Huring  the  former,  only  catp/  implementii  wen  and]  s 

in  tin.'  latter  poIisAed  stone  implements   w<  ri  It   ii  priini- 

pally  with  the  Palaolithic  that  we  are  here  concerned. 

closer  study,  In  oonneetion  withgeplog]  undivided  the 

Palaeolithic  intu  an  earlier  and  ft  later.     The  earlier,  lieing  conteiiipora- 

1    io  mammoth,  is  called  the  Mamm<<fl<  ml  the  latter, 

for  similar  reason*,  th«  ray.    The  mammoth,  however,  e\! 

also  in  this  latti  t  6         Fas  former  seems  to  correspond  with 
Ohamplain  or,  perhaps,  interglaoal  epoch  in  geology,  f"r  then  an 
'i  confounded,  and  the  latter  with  the  Terrace  of  Ainerica,  ex  Sec- 
ond Ghttrial  epoch  of  Europe.    The  KeolHhio  commeno  P 

zoic  era,  or  rci'/a  of  man — the  period    when  BUM  had  established  his 
supremacy.     The  following  lab  -*s  these  views  ! 


Jrotuc  a«c -  PmcUmoIc  era. 

1   \.-..|uliie — !l..!.i.     li.    nliimal*.  J 

I.  stone  »ge.  <  p4i«aiili.il,  jBatadimsg*  ImadGlsd 

(  •  1  klmomotfa  uge  =  Chawjilsto  epocli  orperhtptlntctghu'. 

riaiona  ami  their  relations  to  geological  epoc 

■  op*.    Tin  v  v,, mill  pro  1  ly  also  to  some  parts 

and   Africa,  for  in   portions   of   these  old   countries  man  has 
doubtless  passed, successively  and  slowly,  through  nil  these  stages.     But 
all  theee  Stages  are  not  represented   in  all  countri ■•.-.  HO)  So  they  Bl 
sarily  correspond  to  the  ip'oV'SHOal  epochs  mentioned  above.     I 
8ea- Islanders,  for  example,  are   still    in  the  Stone  ago.     The  Arnerii  1111 
Indians  wen  Stone  age  only  three  centuries  ago. 

The  table  given  above  carries  man  hack  to  the  Champlain  or 


Cos 
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tlw  im.rglacial  epoch.    Thcro  are  some  geologists  who  think  I 
evidonoa  of  a  much  earlier  existence  of  man.     We  will,  therefore]  vary 
rapidly  review  the  evidences  of  the  action  m.    In  doing  go. 

pi  none  but  thoroughly  reli 
has  been  recently  far  too  much  eagerness  to  B  w  biota  i 

i    hi'licfx,  uihI    to  iiecept    llu-m  oo  Ehil  lOOOODt  alone.      We  will 
take  op  European  looattti  mse  tho  subject  has  been  more 

.■;ir.  folly  studied  there. 

Primeval  Ma  '-ope. 

Supposed  Miocene  Man— Evidence  unreliable.— The  earliest  | 
in  the  strata  of  which  any  supposed  evidential  of  the  existence  of  ■■ 

have  Wen  brand  i 
cene. 

arc     eo 
meager,  ami  by  all  oai 

I  uri- 

reliable.    Bom  lakes 

. .),  so  roagfe 
they,  the  result  of 

gent  ago]  DOM  bones 

of   animals,    marked    with 
parallel    scratches,    as     if 

.    I 'lit    tho   ecru 
may  havo  boon  pro 
currents,  or.  SJ  LyttU  t.l 

of   Rodents; 
some    more     | 

oaa    of   man's    agi 
bat  in  strata  of  doubtful 
or  else  the  reeni 
dental  mix  tun 
temporaoeocu  with  lb 

itself  —  such    is,  in 

ana    man    is    not  ac- 
hy   a    .v. 
fol  geologist.    Mortillct 


.:.—  Film  Flaki-'  ■-■■J!i-c  :■  -t  1  i.>  ■'.'■  •  from 

Alloci-iic  StfttU  111  Tin  u;.  -  .  >i.     Nittni  I 


thinks  that  there  maj  have  Bxisted  in  Miocene  tim.' 

animal,  bat  OOl  t rue  man. 

Supposed  Pliocene  Man.— T  he  evidence  of  tho  exit  man 

daring  the  Pliocene  pi  ill  more  meager  ai 

[labia     M.  Qamy  thinks  he  has  found  undoubted  evidence  of  human 
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agency  in  flint  haplamenta  in  i  as;  in 

1  as  doabl 
Again,  I'aiaMui'i  i  in  Madras  in  strata 

■apposed by  Faloonai  t"  '■■■  enl   Inve 

ma<v  .;!a  (Juntrniary.*      Of  the  SOppOfied  PlioOOOfl    m:in  in  Cali- 

fornia mo  will  speak  further  OB.     .Sullice  it  to  say  thai.  Dl  HO) 

■  up  tin-  evidence  in  ls^.'.t  Boule  in  1888,1  and  Bvani  in  1800,* 
t  the  existence  of  Tertiary  max 
Quaternary  Man— Mammoth  Age. — Bat  «>/  tl  ace  o(  n 

kmeriaa,  as aarij  i  >■(  the  Quaternary  period, 

there  seems  to  be   ahmulunt  evidence,      We   shall   select  nnly  a  Cow 

a.  In  River-Gravels.— In  the  terraces  of  the  river   Bomi 
kbbeviile,  van  Bound,  lii'iith    tviriiu  i>(  bj    M    Bouoher  de 

Perthes,  chipped  Bint  im|ikiiM:i!>,  u&sociuted  eith.  bones  ol  the  mam- 
iroS)  bippcrpotamaS)  hyena*  horse,  etc    Thi    doubts 


rCKM. 
Fl*.  9ft.— £cciiun  acroaa  V»ll»y  ■  if  ihi    frm -tlnr  on 

gravel   a;  S,  lower-levd  (jravU   n  ill  i  ..  |-liint-bon<«  and  Bii; 
bam  MvMf  lo  foi  v. nil  Miullar  fnwllaeor-  n 

In  all.  thirty  h*t  thick :  i.  uplaml  I. mm   tn  to  all  fMt  H.  I  ii»-T»rtiary. 

which  the  fiat  aiiiioiin.  .Hunt  of  these  facts  was  received  have  boon  en- 
tirely removed  by  careful  «  xaiiiiiiaiinn  r.f  the  loeality  by  many  BCientistt, 

h  of  l-'r.ni' ■•■  an  1  Rngiand. 

[hidings  rere  in  undisturbed  gravels,  both    «ver(8)i 

I  in  thirty  (eel  thick.  Bnpposing  thai 
the  apper  loam  (4)  represents,  the  full  Ohamplain  Bood-depoaiti  then 
Sand  the  later*  aamplainor  early  lerraae  epoeh. 

in  England, also, at  Hoxno,  similar  flint  implements,  associated  with 
animals,  ware  found  in  strata  umicrlyiwj  the  higher* 

>.'  er  true  glaaktk  dd- 

I     amplain      Bfaaj  other  examples  of 

a  findin  be  cited. 

b.  Bone-Oaves — En^is  Skull.—  I  n  t  i n  unany 

haw  been    fo   od    bomi  net  animals.     The 

is  thai  oi  the  iknD  tbnnd  In  a  cave  at  Bngit,on  tin- hanks 

.if  ii'  <>r  tin  itv  <>f  this  skull  there 

seems  to  be  no  doubt.     It  was  found   •"   '""" '  breccia,  associate*!  with 
:  Quaternary  i 

•  American  Journal  of  StAeve*,  187&,  toI.  »,  p.  232. 
■  rojiolopic,  toI.  iii,  p.  ilV.  4  Bfate«,  vol.  xxvi,  p.  454. 

•  Srtarc,  toI.  xiil.  p.  ftOS.     I60O. 
80 
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rercHozoic  kha-acb  of  man-recent  bpi 


i  m  'i, a.— BagaCktul,  ndDMdCkfta  Lji-iij. 


Tiii.s  Mm  iatlOD  unmistakably  indicates  the  middle  or 
latter  part  of  t)i<   <,'  J  poiodi 

Neanderthal  Skull.— fn  a  oa  w  lal  N  .it,  near  Dusseldorf,  xru 

found  a  i  ;  k.iiilr  Imnian  skeleton,  which  has  greatly  ex 

interest  of  scientific  men, 

limb-bones  are  large,  and  Um 
tuborancus  for  mnscular  attach- 
ments vei?  prominent;  th«-  skulJ 
very  thick,  wry  low  in  the  arch, 
and  wn  prominent  in  the  hmus. 
It  has  been  supjxxsed  hv 

an  intermediate   form 

man  and  the  ape;  but, 

to  the  best  autho  in  no 

rcspt" 

human.     It  ig  probablj  the 

clnri  of  I  I 

euliir  in  body  and   low  in  b 
gence.      I  noes  of  u 

fy  lire  of  the  same  kind,  bi 
complete  I  use  of  the 

I  skull,  though    it  probablj 
belong*  to  the  same  or,  perhaps 
even  an  earlier  epoch.     The; 
skull,  on  the  other  hand,  ia  i 

•rage  human  skull.    A 
figure  of  the  Engis  sknlt  is  gj 
ahoTe  (  Fi.ir  '''3),  and  a  comparison  in  outline  of  the  Neanderthal  I 
the  ape  and  European  (Fig.  '.»?  1 1. 

Recently  there  have  been  found  in  a  caveat  Spy,  Belgium,  two  neark 
complete  skeletons,  which  seem  to  be  of  the  same  type  as  the  Neaft 
thai  man,  and  with  the  latter  lire  mipposed  to  belong  to  ■  I  ami 

very  early  race.    They  are  believed  to  have  been  men  of  6hort  stature, 
broad-shoiildererl,  bowed    thighs,  slightly-bent  knees,  and   semi-erect 
posture,  but  nevertheless  distinctly  human.     The  skeletons  Wl 
associated  with  the  remains  of  all  the  characteristic  Quatcr. 
mals  and  Implements  of  thu  rudest  kind.     Their  age  was  eitln 
plain  or  interglacial.* 

Mentone  Skeleton. — Several  years  ago  an  almost  perfect  sk 
nf  a  Palaeolithic  man  was  found  in  n  on  N'ioe.    It 

i»  that  of  a  tall,  well-formed  man,  with  average  or  more  than  I 
sued  .skull,  and  u  facial  angle  of  85°.    The  antiquity  of  this  man 


Fi*.  071.— Comparison  cf  Komi" 

M ■  . 1 1 :    '-.   Hi-     ttt  taderUuJ  man;  ,:,  x 

rWmpuiMK  (ntii ■'  l 


I'KIMEV.VL   MAN    IX   HI' HOPE. 


Ml 


is  undoubted,  for  his  bones  are  aasociatdl  nith  those  of  tho  cave-lion, 

cave-bear,  rhinoceros, reindeer,  together  with  living  sj>ecie&.    The  bones 

df  tin-  skeleton  an  all  in  pi  rounded  with  the  implement  of  the 

chase  (flint  implements),  and  thespt-ils  <■.(  tin  chn.se,  •■  il ,  the  bOBM  i  I 

■i  teeth  of  stag,  ate.    Of  the  latter,  twenty-two 

■  I.   These  are  supposed  to  ha  Thii 

i  in  uy  mini   Seemfl  to  hav«   hid   hllWWM  flOwn  quietly  in  In-  im'.i- 

borne  and  <licd,and  Nature  covered  his  grave  wit  hu  tablet  of  stalagmite. 
Ail  these,  ami  many  more  whuh  might  he  mentioned,  belong  to 
il.r  mrhj  PaktoIUMe,  although  the  last  is  probably  a  transition  to  the 
next  or  1'indeer  age.  They  were  contemporaneous  with  the  mam- 
moth, the  rhinoceros,  tho  hippopotamus,  the  rave-hear,  tin-  cave-lion, 
r,i  -livnii,  and  other  cxtinoi  animals;  but  the  reindeer  had  not 
yet,  to  any  extent,  invaded  Middle  Europe  from  tin-  north.  They  seem 
to  have  been  savages  of  the  lowest  type,  living  by  hunting  and  dwell- 
ing in  caves,  and  their  implements  were  of  the  rudest  kind.  There  is 
no  evidence  of  ■•  re  or  of  d  afuraafo     In  many  cases 

there  have  been   found  some  anatomical  character*  of  a  low  or  animal 
type,  such  as  flattened  shin-bones,  very  prominent  ocri/iitni  ftntul 
ance,  less  than  usual  separation    between  the  ietopa  -,  large 

*««  of  tho  wisdom  Uafh%  and,  in  the  case  of  the  Neanderthal  ra 

low  arch  of  the  skull,  and  bent  knees,  etc.     But  nil  these  ehanm 
ters,  unless  we  except  the  lost  two,  ore  found  uow  iu  some  savag©  races, 
either  as  racial  or  as    individual    pcculiuritn & 
The  earliest  men   yet  found  are  in  no  sense 
connecting  links  bet  ween  man  ami  ape.     "I  ln-v 

are  distinctively  human. 
V-^  Reindeer  Age  or  Later  Pabsolith- 

lo. — During  this  age  man  w.i.s 
still  :  in  Middle 

Europe  with  Qui 

nary  animals, 
but  also  now 
with  erotic 
animals,  es- 
pecially     the 

Wi  lum  i if  III!   Sill Ifli ill  CM i  i     ii    >  mill  111    i  In i  li  i urn  i  t  ii    1 1  il      *  J 

■  tfHtaMt««Nta«ad:  *.  nudrrruii'i'i.t"" '"-<  itiHk.in  uiHi'b  reindeer.      It 

m*»  uul  «BtfM  boBC*  of  extinct  »nii  living  nuiiinntU  urail  wnrlci 

wlwtiSSiiil;  a  hyer of  ■»»■» ood  ct»--  thtrk.    iirohalflv  >'<>r- 

•  ..   •.......•  -■•     ;  ..-     ••, • refpondewitli 

■%»n  from  hill  iti ■■.■•    fO.tli    I  '■  clooed  Urn  limit:     ..  m   _'.  .. 

i  t.um.».  which  i.xi  u,  M^antf.  the      1  errace 

or      perhapfi 

Second  Glacial  epoch.    The  implements  were  still  chipped,  but  much 

more  neatly. 

Anrignao  Cave- — This  sopulchnd  care  and  its  rich  contents  were 


y 


m 
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accidental!}  :  i   bv   a   French  jwasa'  a  du 

-  II. 

On  remo 

-  of  both  Miwan  with  i-?  .»•( 

ras  fount a 

]  of  «hi.«.  uid  cinders,  mil 

and  !  gnawed  bones  oi 

Of  an  -i  a 

or  tribal  burial-place;  that  in  the  cav 
cave ;  and,  fiu 

ii"  Aurijjiiuc    ■  >\u  rit| 

li  indicated  a  belief  in  immortality. 

■     . 
fonnd  in  aud  abo-.u  oee  marked  f  art-  either  v. 

or  extinut  in  this  loolil 


UAVt 


Brown  twar  i 

B»dgCT . .  i  or  1 

■•ii l 

l 

. 


nOt  a  molar*. 

♦  Rliimxvro...  ,       I 

12-16 

I 

-    I 

I 

flri,h  all  I 

S-4 


Perigord  Caves.—  I  > 
rivor  \\  .my  catcs  in  i  I  (ntf 


.  ± 
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relics  of  nan  ranging  from  sarbj  to  lata  PahnoUthic.    The  Palreoli' 

Ai|uii;iiii:in.s  nam  to  have  been  somewhai 

L'ful  tempi  r,  than  the  early  Palaolil  bad    AL 

igh  thcr  idanoc  al  i  ire,  th-.v  l:  i  as  well  a* 

anting;  Thia  is  shown  bj  the  number  ol  Bahing-bbokaofbona  toand 

there.    Thi'v  Mfiiuil  jiIsh  tu  hnru  h.ni  .n:il  some  -kill  in  drawing, 

forthej  bane  left aoma drawings of  oob  toons  but  nowextl 

iiniii       .  .  . 

i   a  | leer-horn  on  which  isa  rode  i  lehing  of  the  inammodi. 

Conclusions. — It  idenl  thai  in  fouope  the  earliest  men 

"Oii8  with  a  large  number  of  BOW  BXtffiCt  ^minmls,  anil  were 
rincipal  agent  in  their  extinction ;  thai  they  saw  the  Boodad  ri 
of  the  Chiiiii[ilai)i  ■  |wm  li,  und  the  great  glacier-  "f  the  Second  Ola 
in  ii. i  rehabli  61  of  matt  existena 

•h. 

Heaps j  ShtU-Jfowtdt  ;  l\~it<h> tirJiiddi •><*. 

In  \  Europe, ,  spa  inilv  in  Denmark,  arc  found  shell-moim.  It- 

of  great  rJae,  IfiOO  feel  long,  '-'mi  feet  wide,  and  tan  f«t-t  high.    'I 
.ii.lv  the  bo  Emulated  refuse  of  annual  tribal  Beasts.   The  i 
races  of  n  i-seeera  to  have  hud  Um  ■«  ostom  of  gati* 

in  large  aumban  nt  stated  intervals,  und  feasting  on  al 

■  r  animals,  and  leaving  their  remains  in  large  heaps  to  mark  the 
•  if  assembly.     Th<  i  «8  of  a  verv  murk.ii  advance  are  foul   I 

The  imp]  diem  carefully  sh.< 

ted  bj  rnbl  og     Then  are  an  longer  an y  reraaina  of 
(tact  animals,  bul  otrij  of  living  animal  there  are  bow  found 

of  at  least  one  3omeatio  animal,  vis.,  the  4o 

■  allnro.     Wo  i  >  at   this  time  of 

organic  •'•■  commnn 

Transition  to  the  Bronze  Ago— Lake-Dwellings.— I ti  the  s 

i  i vidi  noes  of  a  more 
at  mentioned,  which  had  tho  singular 
of  dwelling  in  houses  construoted  on  pQea  in  the  iakee,  and  count- 
the  land  a.    Similar  lake-dwaUinga 

and  in  Bo  ■••  recently,  by 

Lie;  ron,  in  Africa.*    By  means  of  «!  a  great  num- 

ber and  variety  <>f  implements  of  polished  stone  and  «»f  hronae  haTe 
been  obtained.  Some  of  these  were  evidently  used  for  ornament,  some 
ford  purposes,  some  [onltarajaotne  ware  weapons  of  war, 

»o  fishing-tackle.     .Many  of  these  arowrooghl   ■  land 

-ox,  she    .  .  and  dog;  cereal  grain* — 


m 
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wheat  and  barley  ;  fruiis— wild  apples,  blackberry,  etc. ;  coai 
not  woven   but  plaited — have  also  been  found.     In  a  word. 
here  all  the  evidences  of  communities  far  above  the  Blate  of  eavav 


Fi«.  VT7.— Lftkcdw-clllngi.  restored  (nflcr  MorUUet). 

From  this  time  the  history  of  man  may  bo  traced,  by  means  of  hi* 
remains,  through  the  time  of  Megalithie  struetures.  through  Um 
man  age.  step  by  step,  to  tin1  present,  time.  Hut  this  belongs  t- 
archffiologiet,  not  tin-  geologist.  Tha  Neolithic  may  be  regarded  ai 
i.l M  beginning  of  the  PsjehosoJO  era — tho  connecting  link  between 
geology  and  archieology.  The  Hronreage  and  all  that  follows  it  belong 
clearly  to  archaeology. 

/'.  Mfafi  in  America. 

Supposed  Pliocene  Man— Calaveras  Skull. — Serend  owes  are  re- 
ported of  human  bones  and  works  of  art  having  been  found  in  the 
sub-lava  drift  described  on  page  601.  These  cases  are  none  of  thrai 
thoroughly  well  attested,  though  tho  evidence  is  such  as  to  make  os 
suspend  our  judgment.  The  U-.-t  attested  cases  are  the  Calaveras  skull 
mentioned  by  Whitney,  and  tho  Tablo  Mountain  skull  reported  by 
CLE.  Window.     Besides  these  there  are  several  cases  i  of  mor- 

tars and  "iinil  in  the  sub-lava  deposit     Many  claim  these  ai 

evidence  of  the  existence  of  man  in  a  somewhat  advanced  stage  of 
progress  (at  leasl  u  much  »o  as  the  Neolithic  man  »>f  Europe),  on  tlie 
Pacific  i'«i;t-t ,  1 1  n i- i t i ■_;  ne   period.  in   regard  to 

this  oxtreme  antiquity  of  man  are  of  three  kinds,  viz. :  I.  Iv-ubtaas 
to  the  Pliooene  ajje  of  the  gravels — they  may  be  i  iternary. 

2.  Doubts  as  to  the  authenticity  of  the  finds,  do  scdentiat  having  seen 
any  (if  them  i»  situ.  3.  Doubts  as  to  the  undisturbed  condition  of 
the  gravels,  for  auriferous  gravels  are  especially  liali  .nee. 
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Thi>   character  of  the  implement.-;  Bald  to  have  been   found  give* 
culiar  emphasis  to  this  last  doubt,  fat  thfy  an  '(voUthic,  but 

I 

In  any  case,  and  whatever  bo  the  geological  age  od   the  sub-lava 

drift,  il   man  should  be  undoubtedly  found  there,   it    would  show  un 

immense  autiquity;   for,  BiQOfi  the  lara-fiW, 

0B&OOI  bare  been  cut  by  the  present  rivers 

2,000  or  3,000  feet  deep  in  solid  slaw-roek. 

Carson  Footprints.— In  1882  scientific  at- 
tention was  first  drawn  to  certain  rcmarkahlc 
trucks,  resembling  those  of  gigantic  men.  in 
the  saudstonc-quarry  near  Oarson,  Nevada. 
The  tloor  of  tho  qnarry  (which  constitutes  the 
surd  of  the  State  Prison)  is  a  level  area  of 
ubout  two  frOra*  The  whole  surface  of  this 
area  is  covered  with  the  tracks  of  many  kinds 
of  animals.  The.  ii'thof  the  tracks  shows 
that  the  material  was  soft  mud  at  the  time 
the  tracks  were  made.  The  moat  remarkable 
arc  undoubted  tracks  of  elephants  (mammoth ) 
and  especially  certain  strangely  man -like 
of  enormous  size.  These  were  eighteen 
to  twenty  inches  long  and  eight  inches  wide. 
Tho  stride  was  about  a  yard,  and  the  distance 
between  right  and  left  series  was  nim 

There  has  been  much  discussion  as  to  the  nature  of  these  tracks. 
Bone  think  that  they  are  human,  and  account  for  their  great  sisc  by 
supposing  thai  the 
wore  large  asn- 
Othera  think 
that  they  are  tho 
tracks  of  a  large 
grouii'l--i"th  such  as 
the  mylodon,  which  is 

known  to  have   lived    wnaflW^XvVII 
on    the    Pacific   coast 
in  Qnatornary  limes.  AvtiV?J 

Itoth  in  afaeand  shape 
are     oertainlj 

much  like    tho    bind-    n"  ork— L*fl  hu"'  '""'  of  "  »»tu».  x  faficrOwrn). 

foot  of  die  mylodon  (Fig-  9?fl).    Hut  if  made  by  a  quadruped,  the 
larger  hind-foot  mnai  have  obliterated  the  la 

here  are  apparently  but  two  series  of  t: 
hare  been  clogged  with  mud,  for  no  impreasiou  of  tooe  is  eecii.     It  is 


Fio.  BTS.— Two  Scrie»  of  Track* 
Id  Canon  Prison  yard. 
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significant,  bowerer,  tliui  .  kst  nhw,  formed   but  two 

Thn  freight  cf  evidence  i-  probably  En  faro*  of  the  mylodon 

in  ,-iTiy  r:isc  f.hciv  .-veins   mi  r.-a.-. .n  to  1  ■« ■  1 .  0  b* 

criKiry,      The  Ofll 

iod  (Pliocene)  ia  their  lithifie       idition.     Hut  tin.-  ptte- 

Mi  |  He  i|u:in  v  .if  hot  springs,  containing  abundance  ol  i*wj- 

Mir.  sufficiently  acooonta  for  thi 

Quaternary  Man. — Leering  out  nil  A  flee,  the  first  upj 

of  man  in  America  eeenn  boul  the    time  timew 

or,  perhaps,  ■  little  lator  than  in  Europe.    On  the  Pacific  ooai 
implements  are  found  in  gnat  ahnndanoe  in  river-jrmvi-lf.,  aaaociated 

of  tii.-  mammoth,  the  g 
on  the  Bastern  part  .>f  the  continent,  b1  of  man  baton 

the  ioo-efaeol  bad  disappeared  from  the  I  oited  Stated 

•eat  example*  of  thi 
\h  ■   B        :..-if  Little  Bulls,  afinueeota,  oi  rode  Bin!  impta 
deposHa,  which  wen  formed  daring  the  final  retreat  of 

da  that  region.*   Another  g 1  example)  i 

tn,  N*em  Jersey, of  rode  Hint  implements,  rimilsr 
to  Palaaollthie  Implem  The  gra  ■  kiinwU-dgfd 

formed  daring  the  retreat  of  thi 
sey.     We  give  be  uro  of  one  of  these  Binta  (Pig.  960).    Still 

mor. 

been  fi 
in  Onto,  di 
conditions    a 

a     tlint 
lived    ll»- 

lorthern  pan 

..f  the  y. 

U  icf- 

lx>  nodoul 

.  raer- 
iea,  as  in  Ed 

man  saw  the  retre  .-sheet  and  the  fl led  la  rivers  nf 

the  I  Ihamplain  thn 

The  history  of  the  American  man  aced  onirard  in  i> 


Flo.  SSX— r*la<alllli  found  tij.  Abbott  i™  5«*  Ji-n*?,  .lijrMI)  . 

l»ii.  i 


fkimky.u.  man  in  .uikuh  .v. 


hoav  so-called  mound* 

rn  part  of  the  continent,  but  ee> 
I  iliv  abundant  in  ill.-  %-ji11iv  oJ  i!r     i  ii ;  and,  Anally,  to  the 

iff-dwellinge  and  buried  « [ties  td  New  Meilot  "ua. 

Hut  all  thin,  though  of  extreme  interest,  belongs  to  areutBolog 

Quaternary  Man  in  Other  Countries.— In  l»-liu*  PatoolithioiinplO' 
i  ly  like  those  brand  in  Europe  and  elsewhere,  ink 
in  1873,  associated  wi  not  speck**  nt  . ■ii-phant,  hippopotamus, 

rhin  iid  bear,  in  Quaternary  deposits.    In  Ifae  Sonth    Li 

bone-caverns  him  been  found  asocial- -.1  with  Qn 

nary  animal*. 

.  tliercfnif,  ii.i«  Iii-iii  rr.Kvd  hack  with  certainty  to  the  ('ham* 
plain  and  even  to  ial  epoch.     1  latheme; 

hereafter  braced  farther  to  the  Qlaehd  or  pro-Glaoia]  period.    Some 
I  that  he  vviii  be  traced  bo  the  Miocene, bnt  ii. 
mely  improbable,  lor  the  Following  reasons  i 
n.  B 
whil  ra  i'v Edenoe  n  rightly  reganhil  us  nf  Mule  value  in  ,■■ 

ogy,  yet,  in  this  instance,  it  is  undoubtedly  of  far  mon1  tha 
vulu  far  mn.  I  "Ua  and  far  more  im- 

la  than  his  tones; 
b.  Man  probably  came  in  u-iih  thtprtm  natian  fauna.    We 

here  the  diagram  illuatral  lav  oi  extinction  ami  app 


CRETACEOUS 


T     C     *     T     I      AS 


eocene       Miocervc     euoceNC 


OUATCRNflSV       RCCCUI 


fcLAC     CHAM       TCIt     1WCCCNT 
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anee  oi  i       It   is  wen   that   low.-r  -pi-m 

changed    than   liighi.r.      Living   f..r-nnini  I  ad  back  into 

the  Cretaceous ;  I  ring  shells  and  other  invertebrates  to  the.  beginning 
of  tl  i  iary:  but  living  mammal-;  pa--  ran  rapidly  and  disap 

in  tin.-  Middle  Quaternary.    Not  a  single  ipecies  of  pifmmsJ  bow  living 
onnd  in  the  T<  rtiary.    Shall  a  the  only 

eptionf    Mi  i   isom  ofthi  pr  .nn  fauna, and  can. 

with  it. 

Hnt,  again,  several  dif  nimuliun  faunas  hare  appeared  and 

*  American  borne]  .  1875,  *i»L  x.  p.  281. 
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T  E    R    T     I     A      ft 


Flo   fVei.— Ikiacram  illiM'i  -  t  ExtincUoa 

or  sacoeeetvo  Mnnimn.'nn  Kauae. 


disappeared  since  tho  beginning  of  the  Miocene.     The  Miocene  mam- 
i. in  fauna  is  totally  different  from  ti  .e  totally 

different  from  the  Miocene;  the  Quaternary  from  the  I'lioocuo;  and 
tbe  present  from  tho  Qnai  This  n  graphically  represented  in 

the  diagram.  In  irhhsfa  the  alternate  .shaded  aud  white  space 

resent    firo 
secatire    mammalian 
bnrau     (there     are 
really      many      more 
than     fi-  .  lap- 

_■  each  other,  bat 
suhetant:.  irtot. 

m     i 

eat  degree  improbable  that  man,  a  mammal,  should  survive  t lie*  nppear- 
anoe  and  disappearance  uf  several  mammalian  faunas. 
Or,  again*  to  pat  it  still   another  way:   We 
that,  spealdsg  gomniUj,  existing  mammalian  species  comma! 
to  be  introduced  in  the  Quaternary;  existing genera  in  tho  r 
ami  twisting  famUim  in  the  Miocene,    if,  therefore,  a  tool-makinu 

anim  i  bo  found  in  the  Miocene,  us  some-  believe,  it  might  be  of 

t lie  family  of  ihiiuiintlu,  but   not  tho  ganufl  hOBtO.     If  such  shoal 

fOand  in  tbe  Pliocene,  it  might  be  of  tbe  genu  ftomo,  but  not  the  spe- 
cies  sapiens.  Even  the  earliest  Quaternary  nan — the  so-called  Nean- 
derthal race — is  supposed  by  Mortiliet  to  ban  bean  I  different  species 
boa  existing  man. 

Time  Bince  Man  appeared.— Geology  reckons  her  time-  in  periods, 
epochs,  etc;  History  hers  in  years.  It  is  impossible  u>  tnwn  tin- 
one  chronology  in  terms  of  tbe  other  except  in  a  very  rough  apt.' 
mative  way,  for  want  of  a  tellable  OOmmon  measure.  If  Mr.  troll's 
theory  of  glacial  oold  should  indeed  prove  true,  then  we  might  hope  to 
measure  man's  time  on  the  earth  with  some  degree  of  accuracy. 
in  tho  absence  of  confidence  in  this  theory,  our  only  resource  b  to  ass 
the  measure  which  WO  have  already  used  on  several  occasions,  viz.,  the 
its  of  Qanase  now  in  operation.  This  measure,  however,  can  give 
but  very  rough  approximate  result*. 

Then-  u  no  doubt  that  very  great  changes,  both  in  physical  geog- 
raphy and  in  the  mammalian  fauna,  have  lakrli  place  .Mine  man  ap- 
peared. Judging  bj  tie.-  rate  of  changes  still  in  progress,  wo  are  natu- 
rally led  to  a  conviction  of  B  lapse  Of  time  very  great  in  compai 
with  that  recorded  in  history  On  the  other  hand,  some  attempt*  to 
estimate  more  accurately  by  means  of  the  I  ilcltaa  in  irl 

have  been  found  implements  of  tho  Roman  age,  the  Bronze  age. 
the  Stone  age  ;  and  by  the  progressive  erosion  of  lake-shores  and  the 
recession  of  waterfalls,  which  is  supposed   to  have  ootnmeni 
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apla  .  have  i.-ii  in  i.tv  moderate  raeulta,  viz.,  t,ixk>  to 

10,lW0  year*.    While  these  reenta  ou  not  be  reoeWed  with  any  conA- 
.  \u  it  [g  hoped  thai  man;  nob  will  continue  to  : 
[n  .■■  b,  ire  nuj  tre  nave  u  yet  no  i 

•  if  man*!  time  dd  the  earth,  onion  vre  adopt  CroH'a  theory  of  I 
cial  climate,     li  may  be  100,000  jean,  Ot  It  may  be  only  10,000  years. 


II.— <  iiai:a«ti:i:  01  Primeval  Max. 

In  regard  to  the  second  qoeation,  viz.,  the*  oharaotcr  nf  primeval 

in  an,  ire  will  make  but  one  remark.     WTe  hare  seen  that  the  earliest 

id   in  EoropC  or  America,  tttottgh  low   in  the  acalo  of 

[Station,  ware  diatinetmlj  human,  ami  not  in  any  sense  an  Inter- 
mediate link  between  man  and  the  ape.  Eferertaeleee,  a*a  must  not 
Eorget  that  the  cradle  of  mankind  wee  probably  in  Aflia.  Man  came  to 
Europe  md  America  by  migration.  The  intermediate  link,  if  there 
be  any  such,  must  be  looked  for  in  Asia,      i  itioo  can  only  bo 

settled  by  a  complete  knowledge  of  the  Quaternary  of  that  country. 

In  any  case,  man  ifl  the  ruin  i  nlv  of  the  modern  era.  The  proaonoe 
Of  man  in  Quaternary  times  mii-t  l»u  regarded  as  an  example  nndfif  me 
Jaw  of  antiripntian  (p.  280).     He  only  fairly  r*trif/li\hi  ipr«*mary 

in  tae  Ueoent  epoch,  and  tin-r  |g*  of  man  and  the  Psychozoic 

in  ought  to  date  from  that  time. 
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